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For several decades, researchers in architecture, facility management, environmental 
psychology and other fields have assessed buildings in use. Underlying these studies is 
the assumption on the part of building evaluators and owners that there is such a thing as 
a good building, that is one which can be compared to other buildings and be shown 
somehow to be better or worse. Considerable amount of client dissatisfaction has arisen 
despite explicit quality control of built facilities. This is because many current assessment 
protocols are either unitary in discipline or are focused only on one specific aspect of a 
whole host of building performance issues. To date, there are no in-depth studies on 
building assessment system carried out in the tropics which might be applicable to office 
buildings in Singapore. Hence there exists a need to develop a comprehensive building 
performance assessment framework and thereby to identify performance indicators 
relevant to Singapore.  
 
The study aims to formulate a holistic objective measure that amalgamates the various 
building performance indicators. The Total Building Performance concept is adopted as 
the basic framework to develop an integrated index for assessment of the overall 
performance of office buildings. The assessment framework is underpinned by seven 
performance mandates namely: Thermal Performance, Visual Performance, Acoustic 
Performance, Indoor Air Quality, Spatial Performance, Building Integrity and Safety and 
Security. Within each of these mandates, basic attributes and features are identified as 
key performance indicators for assessment of the mandates. In order to determine the 
weights of the performance mandates and the corresponding performance indicators, an 
 ix 
expert survey was carried out to establish the ratings and priorities to be placed on the 
performance parameters. 
 
Altogether, a sample of 90 experts including design consultants, developers, academics, 
contractors, members of building regulatory bodies and facility managers participated in 
the survey. Interviews and questionnaire are used jointly to conduct the survey. The 
questionnaire comprises of three sections. The first section is an open-ended interview to 
elicit independent views on the attributes that a high performance office building should 
possess. The second section of the questionnaire seeks to investigate the importance of 
the seven performance mandates where the respondents are required to rate the 
importance of all the mandates in a pair-wise manner on a visual analog scale. The third 
section seeks to determine the importance and desirability level of the basic attributes and 
features respectively through the ratings of the experts. Content analysis, pair-wise 
comparison analysis and one sample t test have been employed to statistically analyze the 
data collected from the survey. Weights were then computed for all the performance 
mandates and the respective basic attributes and features using the experts’ ratings. The 
results and findings show that Safety and Security is perceived to be the most important 
performance mandate in total building performance.  
 
In order to assess the performance indicators, performance criteria were identified from 
local and international codes, guidelines, standards and literature documented. Threshold 
levels for the attributes were set in accordance to these performance criteria identified. A 
method to assess and score the performance of the attributes and features was proposed. 
 x 
The scores derived for the attributes and features were also weighted to take into account 
their relative importance and desirability level to one another. Performance index for 
each performance mandate was derived from the aggregation of the weighted attribute 
and feature scores. The performance index is a measure of the performance of each 
mandate. A function to derive the TBP index on the basis of aggregating the weighted 
performance indices of the seven performance mandates was proposed. The TBP index 
can be used to rate and benchmark office buildings based on their total building 
performance.   
 
The proposed TBP assessment framework had led to the development of a standardized 
objective process to systematically evaluate and assess a building for its performance 
specified along the dimensions of the seven mandates. This will ensure that all the 
classification and label that a building achieves in future is viewed within the context of 
total building performance to ensure overall balanced performance. 
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For several decades, researchers in architecture, facility management, environmental 
psychology and other fields have assessed buildings in use. Such assessments are 
conducted with the aim of improving quality of building stock, design and construction 
processes, and productivity of employees who work in such buildings. Underlying these 
studies is the assumption on the part of building evaluators and owners that there is such 
a thing as a good building, that is one which can be compared to other buildings and be 
shown somehow to be better or worse (Zeisel, 1995). 
 
On the other hand, the discussion to establish a universally acceptable definition of high 
performance buildings has been on-going for many years. To date there is no firm 
definition of what a high performance building should constitute. Despite this difficulty, 
investors and tenants desire and require a good and relevant yardstick to differentiate 
buildings of various performance levels.  
 
In addition, when there is a lack of reliable data and the knowledge of the relevant 
indicators of building performance, the organization’s ability to make correct decisions is 
impaired. Subsequently its ability to make a convincing case for its recommendations is 
also significantly reduced. Considerable amount of client dissatisfaction has arisen 
despite explicit quality control of built facilities. This is because many current assessment 
protocols are either unitary in discipline or are focused only on one specific aspect of a 
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whole host of building performance issues. This had given rise to one of the major 
challenges facing facility management, which is the development of a holistic and 
integrated method of building assessment that is users-oriented.  
 
In view of this, a systematic and objective way of evaluating building performance is 
essential in the local context. Through the evaluation of occupied facilities, their 
performance can be reviewed to assure user satisfaction. The Total Building Performance 
(TBP) approach is suitably adequate to be adopted in the development of a performance 
based assessment system because it is holistic and facilitates integration of all the 
different systems within the building.   
1.2 Need for building performance assessment systems in Singapore 
 
There has been a worldwide trend to develop systems that can provide comprehensive 
performance assessment of buildings in different environment scales. Presently, the only 
available system that comes closest to assessing buildings in Singapore is the CONQUAS 
(Construction Quality Assessment System) score introduced by the Building 
Construction Authority (BCA) in 1989, which serve to facilitate as a national quality 
yardstick for the industry. The building is assessed based primarily on workmanship 
standards through site inspection. The assessment is conducted throughout the 
construction process for Structural and M&E Works and on the completed building for 
Architectural Works. The assessment also includes tests on the materials and functional 
performance of selected services and installation. These tests helps to safeguard the 
interests of building occupants in relation to safety, comfort and aesthetic defects, which 
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surface only after a period of time. However, the CONQUAS score only serves to 
provide an indication of the quality of a building in ensuring that it is defect free but not 
as an indicator of building performance. Thus the CONQUAS score cannot facilitate as a 
building performance assessment measure. As such, there is an imperative need to 
develop a performance-based assessment system in Singapore for the evaluation of 
building performance in a holistic manner.  
 
Presently, there are various building assessment systems developed internationally. 
However, these systems might not necessarily be applicable in the context of Singapore 
due to geographical, climatic, cultural and other differences. Harrison et. al (1998) stated 
that it would be inappropriate and erroneous to simply transfer information from other 
regions in the world, let alone between countries in Asia when precious little benchmark 
data exists.  To date, there are no in-depth studies on building assessment system carried 
out in the tropics which might be applicable to office buildings in Singapore.  Therefore, 
the development of such a system would greatly benefit countries in the tropics.  
 
Hence there exists a need to create a comprehensive building performance assessment 
framework and thereby to identify performance attributes relevant to Singapore. The TBP 
concept has been identified as a suitable approach for the development of the assessment 
framework as it addresses a set of coordinated strategies aimed at bringing about a 
performance and quality driven construction industry.  It also examines and develops 
processes contributing to the delivery of integrated and high performance buildings with 
respect to needs and resource availability. The performance assessment system would 
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create a yardstick by which building performance can be benchmarked. The 
benchmarking would allow for comparisons between the different existing buildings and 
identify buildings that are not performing as expected. 
 
Hence, this study aims to develop a method for the holistic assessment of building 
performance with respect to users’ satisfaction as well as the functional operation of the 
business organizations in a physically safe and sound environment.  
 
1.3 Research Objectives 
 
This study aims to formulate a holistic objective measure that amalgamates the various 
building performance indicators. The Total Building Performance concept (Hartkopf, 
1986a, 1986b) is adopted as the basic framework to develop an integrated index for 
assessment of the overall performance of office buildings. 
 
The objectives of the study are:- 
 
1. To develop a holistic framework based on the TBP approach for the assessment of 
office buildings  
 
2. To identify performance criteria which are relevant to Singapore and propose a 
method of scoring the performance indicators for the assessment of total building 
performance 
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3. To derive a TBP score which integrates the effects of the identified performance 
parameters concerned with building performance into a single number for future 
benchmarking 
 
1.4 Scope of study 
 
As the industry moves towards the service sector, office has become the predominant 
workplace of cities and financial centres today. Besides home, office is the place where 
people spend the most part of the day in. Thus the buildings to be studied would be 
confined to office buildings as people spend a substantial amount of time, about 90% of 
their time (CIB, 2004) in the offices.  
 
Among other things, building performance evaluation has a significant impact on indoor 
environment and indirectly the well-being and productivity of the occupants. Hence there 
is a growing interest on the part of building owners, facilities managers, architects, 
engineers, and others in the building and construction industry to design and construct 
commercial buildings which meet business and people’s objectives. 
 
Evaluating the performance of buildings differs from evaluating a design or initial 
functioning of a building because traditionally many decisions made in the design or 
programming stage are based on the assumptions of how the organization functions and 
how people use the space (Zimmerman and Martin, 2001). On the other hand, in order to 
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determine how well the building is actually meeting the users’ requirements and also the 
functional needs of the business organization, it is more appropriate to evaluate the 
current performance capability of existing occupied buildings. Focus in this study is 
therefore concentrated on the assessment of occupied office buildings after a period of 
use. Data generated from the assessment results can also be fed back into the design, 





Although it is imperative to conduct building performance assessment to ensure that the 
building is operating at the appropriate level to meet the users and business 
organizational needs in a cost effective manner, caution must be taken against 
concentrating overly on costs alone. One could be cost-efficient but running the building 
poorly or one could be running it at a fraction of the cost of the next building but 
depreciating the value of the building by improper maintenance.  
 
Thus, cost in terms of dollars and cents information alone is not sufficient but rather life-
cycle costing which examines the total cost of ownership of the building over its useful 
life is more appropriate for assessing building performance. However, as life cycle 
costing is a complex analysis process, the concept of cost would not be taken into 
consideration in this study for simplifications. 
 
Chapter 1 Introduction 
 
 
  7 
1.6 Organization of thesis 
  
Chapter 1 presents the background to research works pertaining to building performance 
and also highlights the importance of a building assessment system in general. The need 
in having a performance-based building assessment system in Singapore is also 
discussed. The objectives of this research and scope of study are articulated in this 
chapter as well. Following this, the structure of this report is presented. 
 
In Chapter 2, an extensive literature review was carried out which include the definition 
of building performance concept and also the evolution of the total building performance 
concept. An overview on the various existing assessment systems available around the 
world are also given and compared. Justification on the adoption of the total building 
performance approach is presented and expanded definitions of the performance 
mandates are also outlined.  
 
Chapter 3 consists of an elaboration on the research methodology adopted in this research 
study. This includes the structure and design of the questionnaire, data collection 
approach, sample size and responses. In addition, the data analysis methods used for the 
three sections of the questionnaire are also presented in this chapter.  
 
Chapter 4 provides a comprehensive presentation of the results and discussion of the 
survey data from each section of the questionnaire in details, supported with graphs, 
tables and statistics. In addition, a cross-comparison of the analyses from the three 
sections of the questionnaire is also carried out.  
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Chapter 5 presents the detailed developmental process of the proposed TBP assessment 
framework. Weights of the seven mandates and their corresponding parameters are 
computed based on the survey results. Performance criteria are also identified for the 
salient performance indicators and a method to score these performance indicators is 
proposed. A function that amalgamates the performance mandates and the corresponding 
performance indicators to derive the TBP index is also proposed in this chapter.  
 
Lastly, Chapter 6 concludes the study with a review of the achievement of the objectives 
and summarizes the contributions as well as the limitations of the study. 
Recommendations for improvement of the study undertaken are also presented. 
 




CHAPTER 2  LITERATURE REVIEW 
 
2.1 Defining the concept of building performance 
 
“Building performance” in simple terms has been defined as the behavior of a product in 
use in BS5240. It can be used to denote the physical performance characteristics of a 
building as a whole and/or its parts (Clift, 1995). This thus relates to a building’s ability 
to contribute to fulfilling the functions of its intended use (Williams, 1993).  
 
Performance of the building can also be dictated by the way the building users interact 
with its physical, business and work environments. In a way, the performance approach 
involves definition of user requirements and performance criteria to be used in a 
systematic appraisal for predicted or actual performance throughout the entire building 
life cycle (Gajendran, 1998). Performance to be measured or improved needs to establish 
goals that are guided by comfort, aesthetics, safety, health etc. 
 
Traditionally, the term” building performance” has been used in the context of fire safety, 
indoor air quality, thermal efficiency and noise control. Each of these “micro-level” 
criteria is important in facilitating an understanding on how well the building is fulfilling 
the users’ or functional requirements. However, to assess how well the building is 
behaving overall and in the long term, a more holistic approach is needed. This is where 
total building performance can play an important role (Douglas, 1996). Despite this, as 
the number of variables that is involved is substantial, the predictability of total building 




performance is relatively low. This is depicted in Figure 2.1 as shown. The diagram 
explains why most of the early studies have concentrated on measuring and assessing the 
performance of building products rather than whole buildings. 










(Source: Douglas, 1996) 
 
Nevertheless, total building performance is still taking a higher profile nowadays and this 
can be attributed to the following reasons. First and foremost, the expectations and 
requirements of building occupiers have increased due to advances in technology and 
also changes in economic conditions. People demand more from the buildings thus 
resulting in the heightened expectations of building performance. The property occupiers 
and owners want their facilities to be comfortable to occupy, cost-effective and efficient 
to run and will remain as added-value assets (Leamann et. al, 1993). In addition to this, 
























explicit quality control, a considerable amount of dissatisfaction can arise because many 
reasons for underperformance are related to the total building performance rather than to 
the components and materials (Ang and Wyatt, 1998). 
 
As the 1970’s demonstrated, an emphasis on one performance area such as energy, 
without consideration for the range of performance areas in buildings, often results in 
failures in other performance areas, such as serious air quality and degradation failures 
(Loftness et. al, 1989). Thus building evaluations that continue in singular areas with 
recommendations for actions that will solve the performance problem are going to create 
more problems by doing so. Today, with the emphasis on office automation, it is even 
more critical that a total building performance approach be introduced in building 
evaluations (Loftness et. al, 1989). 
 
Hence the resulting dictum can only be that the evaluating community must begin with a 
comprehensive outline of “total building performance” to be achieved (Building Research 
Advisory Board, 1985), which is finite enough to be manageable in the field, yet 
developed enough to represent that “integrated multi-sensory evaluator known as a 
human being (Loftness et al, 1989). 
  
2.2 Need for evaluation of building performance 
 
There are at least three major purposes for evaluating building performance (Manning, 
1987) namely: 




1) to learn how buildings actually perform from existing buildings through their 
users and the various professionals included. This will provide useful knowledge 
in the specifications of users-requirements in proposed new buildings 
2) to assess the possible consequences of design options and their impact on 
performance. This enhances design effectiveness for future buildings. 
3) to determine the extent to which the performance of the completed building meet 
the initial target performance specified in the design stage 
Building evaluation has assumed a wider interest since the 1970s and became a more 
widely practiced basis for passing judgment upon the merits and demerits of completed 
buildings (Manning, 1987). Evaluation of buildings in use had traditionally been carried 
out with the aim of determining the success of physical design solutions that have been 
employed. 
Evaluation of this kind is useful in assessing a specific area of performance of particular 
type of buildings. Databases of specific information type relating to design needs and 
solutions have been developed from the results of various evaluation processes. 
 
Building evaluation can be either in the form of inter-building or intra-building (Douglas, 
1996). An inter-building evaluation is where one building is being compared against 
another. This may prove important to clients or occupiers when they are undertaking a 
comparative analysis of various properties for acquisition or for portfolio assessment 
purposes (Douglas, 1996). In the case of intra-building evaluation, the building is 
assessed independently without direct reference to other property. The aim is to ascertain 




the ability of the building in satisfying the needs of its occupiers or to identify or verify 
any major deficiency in its performance. 
 
Evaluation may imply something to measure. The idea that there could, or even should, 
be aspects of a building that are amenable to measurement has grown from a modest start 
to a central position (Eley, 2001).  As performance based measures increase in 
importance, it is paramount to ensure that they do not become means without ends, 
measuring irrelevant things simply because they are readily measurable. Things that 
matter to users must be explored and identified, measures developed must also be tested 
and tried (PROBE, 1999) 
 
2.3 Measuring building performance 
 
Vischer (1990) has shown that the performance concept is the most systematic approach 
for appraising buildings. Measurability is a key criterion and crucial element to the whole 
performance concept (Douglas, 1996). It is vital to the objective understanding of 
performance issues and processes. However, measurement of performance does not only 
depend on measurability alone. It also takes factors that are significant and may not yet 
be measurable into account. The methodologies adopted in the process of evaluation are 
also significant factors.  
 
The performance approach involves two basic stages. Identification and selection of the 
required standards are undertaken in the first stage which is the measurement or audit 




stage. The second stage involves a comparison of the measured results with the optimal 
standards or benchmark. This is the assessment stage. The actual process and procedures 
may be complex. 
 
The most critical step is to understand before embarking on a performance measurement 
exercise, what performance really means and the leading indicators which provide a 
measure of the defined performance. If one cannot measure performance, it cannot be 
understood nor improved (Willams, 1993). 
 
Criteria such as durability, water-tightness, air permeability and so on can be used to 
measure the performance of specific components at the “micro-level”. However this 
approach has limitations in evaluating the total performance of a building which by 
implication needs to be carried out at the “macro-level” (i.e. the building as a whole) 
(Douglas, 1996). 
 
The ability to define and measure building performance has potentially important long-
lasting benefits related to the evaluation and valuation of buildings (ORNL, 2000). The 
outcomes may simply be a protocol to assist in the selection of building for rent, 
occupation or purchase. The processes also provide an insight in the understanding of 
how to improve a building to achieve specific performance goals that may be formulated 
by private companies, public organizations, or governments. As such, the potential 
benefits of an improved ability to assess building performance must be considered within 




the current context of many existing awards, benchmarking methods, and performance 
measurement practices (ORNL, 2000). 
 
Its tools which specializes in measuring specific features and attributes of a building and 
environment are available (Gajendran, 1998), among which Post Occupancy Evaluation 
(Preiser, 1988, 1997; Anderson &Barrett, 1993), Building In Use (Vischer, 1996), 
Concept of Total Building Performance and Building Diagnostics (Building Research 
Advisory Board, 1985; Hartkopf et al. 1986), Building Quality Assessments (Bruhns & 
Isaacs, 1993), ORBIT (Davis et al., 1985) and BREEAM (1993) are some. Some of these 
existing assessment methods are presented in more details in later sections. 
 
2.4 Advantages of measuring performance 
 
The performance concept has been gaining increasing acceptance because of its many 
benefits: 
• Increased objectivity: The performance concept engenders objectivity as opinions are 
replaced by measures of performance (ASTM, 1986). 
• Clarity of measurement: Measured building performance information and criteria 
help to clarify the factors that are relevant in the design decision making. 
• Advanced professionalism: The expansion of performance information into new areas 
of knowledge, dissemination and use of performance information in addition to the 
evaluation and refinement of performance measures and criteria all contribute to 
professionalism in the building industry (Preiser, 1989)  




These advantages are significant to the building industry and the architectural profession. 
Performance-based products, assemblies, methods and configurations aid the architect in 
generating building alternatives and design iterations (Preiser, 1989). Preiser (1989) also 
states that as performance-based measures are used and criteria developed for more 
building types, the level of professional practice will be improved. 
 
2.5 Stages of performance evaluation in the building life cycle 
 
Most of the existing building performance assessment methods treat buildings either as a 
physical object, as a facility or as an investment. The specific stage of a building in its 
life cycle (refer to Figure 2.2) has a significant influence on the relevant type of building 
performance evaluation technique deployed.  







As the pre-construction phase, the BRE building performance cost-in-use model, as well 
as value management and technical audits can aid clients to develop the best value-for-
money design schemes (Douglas, 1996). Sophisticated simulation tools to evaluate the 
predicted performance of building based on different design options may also be required 
Stages of the building life cycle 
Pre-construction phase Construction phase Post construction phase 




at this stage. During the construction phase, quality control can be achieved through the 
use of total quality management, adequate levels of supervision and proper materials 
handling (Douglas, 1996). At the post-construction stage, techniques such as Post-
Occupancy Evaluation, Building Quality Assessment and ORBIT 2.1 can be used to 
conduct performance evaluation of buildings in use to assess and monitor the existing 
building performance.  
 
2.6 Requirements and characteristics of performance assessment systems 
 
In the process of developing the building performance assessment method, three key aims 
should be kept in mind as follow: 
 
(1) subjectivity of assessment should be reduced to a minimum 
(2) assessment should provide consistently reliable result when used on similar 
buildings 
(3) result should offer a meaningful indication of the building’s total performance 
 
Before embarking on the development of the assessment system, efforts have to be made 
to address the important components or ingredients of a performance assessment. This is 
to ensure that the pressing practical problems and thorny technical issues encountered in 
planning and executing the assessment would be adequately resolved (Berks, 1986). 
There are a few requirements for performance assessment systems that should be taken 
into consideration as follow: 




1. Methodological Transparency  
This would allow access and understanding of assumptions, data and other 
methodological issues that would affect the outcome of assessments and subsequent 
ratings (Zimmerman, 2004). It would be beneficial to the user of the results as it 
allows them to make conscious choices and meaningful comparisons. For the building 
professionals, this means an avenue for them to improve their performance and 
compete more effectively. 
 
2. Focus on performance 
Building performance assessment methodologies should be as far as possible fully 
performance based and quantifiable. The reason being that assessment on the basis of 
prescriptive technical features would typically prevent buildings without these 
features from obtaining a good assessment result regardless of actual performance 
(Zimmerman, 2004).  However, it can be advantageous to include “feature-specific” 
assessment as features can have added contribution to building performance provided 
that the performance of fundamental attributes in the building are satisfied. The 
inclusion of features that enhance building performance in the assessment system 
could serve as a “bonus” category to reward and differentiate the high performance 
buildings. 
 
3. Easily accessible measures 
The parameters to be measures should be easily obtained or accessed. It should not 
require expensive, difficult or disruptive data collection procedures where possible. 




They also need to be reliable, valid and easy to analyze and the results obtained from 
the system should be consistent (Becker, 1990) 
 
4. Measures should not be only focused on one aspect 
The scope of assessment should not focus solely on one narrow aspect of building 
performance (Becker, 1990). On the contrary, they should represent a broad range of 
indicators which together can provide a holistic measure of performance that are 
meaningful to the occupants as well as the organization. In addition, the performance 
assessment tools should show the change in performance over time, even through the 
building’s service life (Douglas, 1996). 
 
5. Facilitate Benchmarking 
The performance assessment system should be able to facilitate the comparison of 
performance between different buildings for different organizations at different times. 
 
The issues mentioned above are some of the main factors that should be adequately 
considered and addressed to ensure that the performance assessment system developed 
would prove to be useful.  
 
2.7 Review of building assessment systems 
 
A variety of assessment and rating systems for buildings are in use around the world. 
This section outlines some of these assessment methods. 




2.7.1 Post Occupancy Evaluation (POE) 
(Preiser, 1988) 
 
POE is the process of evaluating a building in a systematic and rigorous manner after 
they had been built and occupied for some time. POE enables building professionals and 
occupants to gather insights into its occupants’ satisfaction level, the building’s 
functional, environmental performance and in meeting its occupants’ other social needs. 
Such an assessment also gives insights into the consequences of past design decisions and 
the resulting building performance (Preiser, 1988). 
 
This approach which based its emphasis on performance concept in building takes into 
account the client’s goals in the evaluating process and critically measure them against 
actual performance level achieved. Both objective and subjective processes and methods 
have been adopted. It is also a tool for gathering feedback from existing buildings as a 
means of continuously improving the quality and performance of facilities. 
 
The elements of performance that were measured and evaluated in the POE habitability 
model included three major categories: technical, functional and behavioral (Preiser, 
1988). The technical elements included the basic survival issues whereas the functional 
elements covered the ability of the occupants to operate efficiently. On the other hand, 
the behavioral elements are concerned with the general psychological well-being of 
individuals. 
 




However, Preiser has not specified the attributes that constitute the three performance 
categories mentioned above in details neither was there any information on the 
measurement procedure for each performance domain (Gajendran, 2000). In this case, it 
would be difficult to assess buildings along a defined set of performance dimensions for 
comparison since it is not explicitly stated in this approach. On the other hand, Veitch 
also mentioned that only rarely are POEs combined with extensive objective 
measurements of environmental conditions. In addition to this, Becker (1990) also 
highlighted that one drawback of POE despite being useful was its singular focus on 
occupant satisfaction.  
 
2.7.2 Building in Use Assessment 
(Vischer, 1989) 
 
Building-In-Use (BIU) assessment is a systematic rather than an analytical approach of 
yielding information about people and buildings that can be immediately put to use in 
solving building problems. This assessment approach uses people’s experiences of the 
building tenable to evaluate. It uses occupants’ ratings to measure the intrinsic qualities 
of the environment. The rationale behind this approach is based on the belief that user 
norms are likely to be more useful as a basis for making decisions about environmental 
change than ASHRAE or other standards of building performance quality (Vischer, 
1989).  
 




In addition, BIU assessment for environmental quality is a basis for comparing building 
or parts of buildings to one another. It approaches environment quality measurement in 
relative rather than absolute sense. The measuring system may be developed and used by 
a single building owner, a group of occupants, a building manager or even by the 
accommodation staff of an organization. The computation of the BIU score is simply 
adding the individual scores of each dimension (attribute) and averaging across all 
buildings to establish the norm for each dimension, to which each building can be 
compared. 
 
Seven building-in-use dimensions were used as the generic criteria for office 
environmental quality and these represent the seven categories of users’ environmental 
judgments. These seven building dimensions are namely Air Quality, Noise control, 
Thermal comfort, Privacy, Lighting comfort, Spatial comfort and Building noise control. 
The building-in-use assessment system for evaluating office interiors uses the norms 
from these seven dimensions to generate a building-in-use profile for part of an office 
building (Vischer,1989). The scores on the seven dimensions more closely represent the 
quality of the occupants’ experience than any other type of building performance 
measurement. 
 
The psychological dimension of building use is central to the BIU approach and this 
involves measuring not just the technical aspects of building performance but also the 
environmental perceptions and sensitivities that colour workers’ perception of quality 
(Vischer, 1989). However, to use occupants’ psychological needs, organizational goals 




and social and management requirements as criteria to conduct an environmental 
evaluation of an office building poses several weighty problems. The problems lie in the 
size and scale of data to be collected, the organization as well as the analysis of these data 
(Vischer, 1989).  
 
In addition to this, the purpose of the building-in-use approach in demonstrating that 
human judgment alone can provide an adequate and useful measure of building 
environment is not entirely holistic conceptually. Furthermore, the building-in-use 
assessment system seems to place its focus more on the quality of the office environment 
rather than on building performance. This is because the seven dimensions identified 
represent a particular salient aspect of occupants’ experience of the interior of the office 
building and together the scores on the seven dimensions only provide an indicator of 
interior environmental quality. 
 
2.7.3 Building Quality Assessment (BQA) 
(Bruhns et.al, 1996; Clift, 1996) 
 
Building Quality Assessment (BQA) is a tool for scoring the performance of a building, 
relating actual performance to identified requirements for user groups in that type of 
building (Clift, 1996). It is useful in that it provides a first glance overview of the 
schedule of the building’s level of provision. Nine categories that establish a broad 
classification of users’ requirements are used to differentiate the building. These 
categories are namely: 1) Presentation, 2) Space functionality, 3) Access and circulation, 




4) Amenities, 5) Business services, 6) Working environment, 7) Health and safety, 8) 
Structural and 9) Building Management.  
 
Categories 1-7 are concerned with what the building does for its users, i.e. the level of 
service it provides for the users. On the other hand, categories 8 and 9 are concerned with 
retaining that level of service. These categories are further subdivided into a total of 138 
measurable factors. The system allows any BQA user to assign his or her own (possibly 
unique) weighting to both factors and categories. The measurement procedure is by way 
of descriptive profiles indicating level of provision. Each of the criteria is described on a 
scale of 1 to 10 and the level of provision is evaluated by a trained assessor. Scoring 
plateaus have been prepared based on a review of current industry practice and where 
there are no predetermined plateaus, a scale ranging from 10(excellent-exceptional or rare 
quality, top international class to 6(good-typically acceptable quality for this building 
type) to 0(none-feature is not implemented or hopelessly so) (Baird et.al., 1996). The 
weighted average concept is used in deriving the total score. The aim of this tool is to 
facilitate building providers and owners with comparable information to aid in their 
portfolio decisions.  
 
This assessment method seeks to explore what the building really offers and the state of 
performance at the present time. But BQA is silent on the intrinsic quality of the items 
that are being assessed and therefore the results could be quite misleading. For example, 
how can the longevity of the items under assessment be included; how can the lift 




performance be objectively assessed without the inclusion of the users? These issues 
serve to demonstrate the limitations of this particular tool (Mcdougall et. al., 2002). 
 
2.7.4 Concept of Total Building Performance (TBP) and Building Diagnostics 
(Building Research Advisory Board, 1985; Hartkopf et. al., 1986) 
 
As the failures in today’s office environments are reviewed, the need for a manageable 
yet comprehensive list of performance mandates for designing or evaluating buildings is 
imperative (Loftness et.al.,1989). It is thus critical to begin with a complete definition of 
the building performance mandates to be assiduously met by building policy makers, 
consultants, owners, managers etc (Hartkopf et.al, 1986). This definition can be divided 
into two parts.  Firstly, there has been a fundamental mandate over centuries for building 
integrity which is the protection of buildings against environmental degradation and 
environmental disasters. Secondly, a series of mandates relating to interior occupancy 
requirements and the elemental parameters of comfort is also relevant. The key 
conditions for developing this list of performance mandates are that the list be limited in 
number( fewer than seven), be mutually exclusive and deal holistically with the 
interdependent human senses (Hartkopf et. al., 1992). 
 
 It is contended that a minimum of six performance areas are needed to describe the 
performance of the built environment for building occupants effectively (Hartkopf et.al, 
1992). The Total Building Performance concept embraces six principal performance 
mandates, namely, spatial acoustical, thermal, visual, indoor air quality and building 




integrity. Each mandate comprises a set of performance targets and pertinent diagnostic 
tools. The targets are occupant-oriented deliverables that pertain to the environmental or 
physical attributes of the building which impact the physiological, psychological, social 
and economic well-being of the occupants (Gajendran, 2000).  
 
Performance requirements in each of the six categories cannot be understood in isolation 
from the other, thus to deliver a project that is acceptable in all the performance areas, 
conflicts must be resolved between performance mandates and limits (Hartkopt et.al, 
1986). The performance success of any performance mandate is dependent on the result 
of effective integration among individual systems and components and their interface 
with the building’s occupancy. As such, total building performance evaluation techniques 
are needed to consider these complex interrelationships in the conception, design, 
specification, installation and use of components and assemblies within buildings, 
techniques which are the focus of building diagnostics (Hartkopf et.al, 1986). 
 
Building Diagnostics is the measurement and assessment of a building’s ability to 
provide thermal comfort, lighting comfort, acoustic comfort, air quality and functional 
comfort for its occupancy as well as to provide building integrity (Hartkopf et al., 1986). 
It is a collective name with respect to practices that are employed to assess the current 
performance capability of a building, and to predict its potential performance in the future 
(Building Research Advisory Board, 1985). Effective diagnostics implied that 
measurements and assessments must be completed in a trans-disciplinary manner for 




each of the six performance areas in relation to established standards or limits of 
acceptability for the specific occupancy or function (Hartkopf et. al., 1986).  
 
The assessment of total building performance is an important aspect of building 
diagnostics and it is not possible to assess building conditions without first specifying the 
performance that is desired and the criteria for evaluating such performance (Building 
Research Advisory Board, 1985).  
 
Although the field of building diagnosis had its roots in measurements, it involves much 
more than measurement; it involves the combining of the knowledge of an expert (a 
professional in most cases) with a measurement process to translate the measurements 
into an assessment of the building’s present performance capability and to extrapolate 
that assessment to a prognosis about the likely performance of the building in future 
(Building Research Advisory Board, 1985).  
 
Although a building evaluation need not focus equally on all six performance areas, its 
construct and its recommendations must deal with all of the building performance areas 
in an integrated manner (Loftness et. al, 1989). In all, building diagnostics is conceptually 
well embedded and provides a concrete basis to build up performance measurement 
systems although it does not really shed light into the details of measurement (Gajendran, 
2000). 
 




2.7.5 Existing Environmental Assessment Methods 
 
Some of the environmental assessment methods such as BREEAM, LEED, Eco-profile, 
HK-BEAM, BEPAC, C-2000 are listed by Cole (1998). Although some of the indoor 
issues have relevance to building performance, these methods mentioned above have a 
broader environmental perspective as they focus more on global and local issues. In 
general, environmental assessments are developed to explicitly address external 
environmental issues with little or no reference to building performance concerns (Cole, 
1998).  
2.8 Justification on the adoption of the TBP concept 
 
In view of the various assessment tools used widely around the world mentioned above, it 
appeared that the Concept of TBP and Building Diagnostics is more well-rounded and 
holistic in its approach as well as being performance based.  The TBP approach does not 
focus on interior environmental quality of the office solely but seeks to measure and 
assess the performance of the building in an integrated and trans-disciplinary manner. 
The performance of the six mandates embraced can only be satisfactorily achieved if the 
individual systems and components are effectively integrated in the occupied setting. In 
addition, the number of mandates specified in the TBP approach is manageable yet 
comprehensive enough to encompass performance dimensions along a broad range of 
aspects. On the contrary, the rest of the assessment systems except building 
environmental assessment systems seem to place an over-emphasis and over-reliance on 
the use of human judgments in the form of occupants’ satisfaction ratings to assess the 




buildings. Likewise, building environmental assessment systems concentrate more on 
environmental issues rather than on building performance issues.     
 
In lieu of the above comparisons, the TBP approach has been found to be the most 
holistic as well as being performance based. As such, this approach is adopted in this 
study to develop the proposed assessment framework. The six performance mandates 
embraced by the TBP approach are thus encompassed into the proposed framework.  
 
The TBP framework is a user oriented building diagnostic and appraisal tool. The 
performance mandates connote a set of users’ preference and response with respect to the 
spaces created. The main drivers are therefore the users’ perceived needs within a 
building. In the aftermath of September 11, terrorism remains a threat for all nations and 
this has caused a shift in priority of the users’ requirements towards “Safety and 
Security” of a building. Clearly, the demand for safety and security measures has 
increased. While a terrorist attack cannot be fully predicted and prevented, measures can 
still be undertaken to mitigate their effects on users and buildings. The importance and 
urgency of such safety and security performance as perceived by the users have resulted 
in the need to re-examine the existing performance mandates and re-model “Safety and 
Security” as a major mandate into the TBP framework.  
 
In addition, as there are currently no requirements in building and fire codes relating to 
security and protection in terrorist scenario (BCA et al.,2005), the existing set of six 
mandates seem inadequate to address these contemporary concerns. In view of this, to 
reflect the importance of building performance with respect to protection against 




terrorism, it is necessary that an accurate building performance model must reflect the 
current status of users’ requirements and preferences.  Hence this study proposes that 
another mandate Safety and Security be included as an individual mandate within the 
TBP framework so that the users’ needs can be catered to appropriately. 
 
Assessment of total building performance is thus underpinned by the seven mandates, 
namely: Thermal Performance, Visual Performance, Acoustic Performance, Indoor Air 
Quality, Spatial Performance, Building Integrity as well as Safety and Security. These 
seven mandates serve as the basis upon which buildings are going to be assessed in this 
study. 
 
2.9 Elaboration of the TBP approach adopted in the study 
 
For a building to serve its purpose, it must first of all be physically sound and the 
building, especially its interior space must be suited in configuration and environment to 
the activities carried on within it (Building Research Advisory Board, 1985). These two 
areas overlap functionally and physically for the building to serve its purpose properly. 
Thus Total Building Performance (TBP) in the context of this study pertains to the 
capability of the building to satisfy the needs of the occupants in terms of health, 
productivity and well being and to facilitate the functional operations of the business 
organizations in a physically safe and sound environment.  
 




It must be noted that total building performance is only achievable through the holistic 
integration of building performance which result from the interactions between the 
identified performance mandates. Good total building performance is thus dependent 
upon the satisfactory performance of all the mandates as they share an interrelated 
relationship. 
 
The definitions and various dimensions with respect to the performance mandates 
outlined below are based on Hartkopf et.al (1986) except for Safety and Security. These 
definitions are used in the context of this study and also brought across to the survey 




Thermal performance refers to the ability of the building to provide thermal comfort to 
the occupants in the indoor environment. Thermal comfort is the state of mind that 
expresses satisfaction with the thermal environment. The satisfactory performance of the 
thermal environment depends primarily on four design factors: air temperature, air 
movement, relative humidity and the radiant temperatures of surfaces. All these four 
elements constituting the thermal environment contribute significantly to the users’ sense 
of comfort. These external factors are weighted against internalized factors with regards 
to the health, activity and clothing of the building occupants which also have an effect on 
the perception of thermal comfort. In addition, occupants’ control over the thermal 
environment is also deemed important in the psychological and sociological sense. 






The building must be able to provide a comfortable and healthy visual environment that 
supports the activities of the occupants. A well designed visual environment is essential 
for perceiving space, colour, form and different objects of regard. Visual comfort is a 
function of many variables, including lighting quality (e.g. illuminance that impinges on 
a surface, amount of glare and spectrum of light), visual contact with the exterior and 




Good acoustic design seeks to enhance wanted sounds and attenuate unwanted noise. The 
acoustic environment in an occupied space is the result of sounds arriving at the space 
from many sources: internal and external. Internal sources refer to sound generated 
within the occupied space from human activities, voices and machinery. External sources 
refer to sounds coming from outside the office building such as traffic noise. A 
satisfactory acoustic environment in an office usually requires privacy and relative 
quietness for conversation. People prefer to work in environment that is quiet but not 
entirely free of sound. People also want to use sound for orientation, awareness and 
masking to provide speech privacy.  
 
In order to achieve good acoustic quality, the control of the following three factors is 
important:- 





1. Sound sources which refer to the sound pressure levels of various sound 
generators. They contribute to background noise and communication problems. 
2. Sound paths which include designs for both airborne and structure-borne noise 
isolation. 
3. Sound receivers which include the occupants’ sensitivity and control over sound 
sources and paths. The strength of the source can be manipulated and the sound 
path attenuated to reduce noise transmission. In addition, a receiver’s environment 
can also be made to be more tolerant of noise or more attentive to communication. 
 
 
Indoor Air Quality 
 
One of the major concerns to sustain good indoor air quality is to provide fresh air to the 
building from the outside. This involves the determination of air intake, quality of outside 
air, the proximity of possible pollution sources and the avoidance of possible short-
circuiting with the building exhaust. The next important aspect to consider is the 
distribution of air within the building and has to take into account deciding factors such 
as supply and return registers as well as internal short-circuiting. Materials used in the 
building, mass pollutants, viable particulate and non-viable particulate are also critical to 
indoor air quality. In addition, the effects of mass pollutants (air-borne substance gases 
and vapours), viable particulate (biological organisms such as fungi and bacteria) and non 
viable particulate (dust and smoke) on indoor air quality cannot be neglected as well.  






Space design is critical to the functional operations of the business organization as well 
for the image of the building. Spatial performance includes aspects such as determination 
of adjacencies required, acceptable distances from one place to another, way-finding 
capacity, ratio of usable space to circulation area and flexibility in configuration of 
workstations. Provision of conveniences and amenities also helps to enhance the spatial 
performance of the building. Spatial provisions made for different types of user groups to 




This aspect will cover widely points of view in structural, design, and material analysis. 
Sustaining building integrity against degradation is crucial for the comfort, health, safety 
and well-being of the occupants. The evaluation of building integrity requires the 
assessment of visual, mechanical and physical properties over time. This refers to the 
ability of the building to resist stresses from loadings, adequate provision for some floors 
that are structurally designed to carry heavy loads and also infiltration against moisture 
leakage over time. The requirements for building integrity are bound by limits of 
acceptable degradation, ranging from slight decay in terms of the building’s visual, 
mechanical and physical properties to debilitation in the ability to provide weather-
tightness or environmental conditioning for its function. 
 




Safety and Security 
 
There are no known premises in the world that can be considered completely 
impregnable. However low the risk is, a building is still susceptible to attacks, and be it 
on the building, contents, occupants or their possessions (Healy, 1983). The 11 
September 2001 terrorist attacks had demonstrated a country's vulnerability to an even 
wider range of threats and reasserted heightened public concern for the safety of 
occupants in built facilities. Building professionals must now embrace new contemporary 
concerns because of the reality of terrorism. For this reason, safety and security 
management is assuming a more important role in the design and management of office 
building (Ralph, 1985). Increasing emphasis is also being placed on the provision of 
comprehensive measures and features to protect the building from attacks.   
 
“Safety” in this context is taken as the protection of the occupants of the building from 
accidents as well as the reassurance of their well being. On the other hand, “Security’ 
refers to the protection of occupants, their possessions and the actual property they 
occupy from criminal attacks.  
 
Protection of a building, its contents, occupants and their possessions can fall broadly 
under (1) passive protection and (2) active protection (Ralph, 1985). Passive protection 
can be achieved through the design of the building itself – its layout and its materials of 
construction. The design of buildings can be used to enhance the control which occupants 
feel for the space around them and that increased control will lead to more surveillance 




and less crime. On the other hand, active protection usually involves devices or systems 




There has been a growing awareness for the need of building performance evaluation and 
assessment systems in the past decade, as evident in the literature review presented 
above. This is especially so in temperate regions. Unfortunately, the existing building 
performance assessment systems are only applicable for countries in the temperate zones 
and may not be correctly applied in the tropics. This is partly because the weather 
condition in Singapore does not mirror that in the temperate climate. Furthermore, no 
similar building assessment system has been developed in the tropics as yet. Hence, it is 
of utmost importance that a performance-based building assessment system be developed 
to suit the tropical and local context.  
 
As the TBP approach has been found to be well rounded, holistic as well as being 
performance based in its concept in comparison to other approaches, it is adopted in this 
study for the development of the proposed assessment framework. The framework 
comprises of seven performance mandates namely: Thermal Performance, Visual 
Performance, Acoustic Performance, Indoor Air Quality, Building Integrity, Spatial 
Performance and Safety and Security. 
 








This chapter describes the research methodology adopted in this study. The method of 
identifying the various performance attributes and features relevant to the development of 
the TBP assessment framework is discussed in details. The methodology and its 
associated statistical treatments used in the survey of building professionals and 
practitioners who have the experience and expertise in the area of total building 
performance is presented. Details such as respondent selection, sampling method and 
questionnaire design are also reported.  
 
However, before any research methodology can be adopted to carry out the study, certain 
issues, tasks and strategies had to be considered in order to direct the research process in 













Figure 3.1: Issues, Tasks and Strategies to be considered in the development of a 
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In order to be able to evaluate building performance, the first concern is to determine 
what needs to be measured and this necessitates the definition of the domain (refer to 
Figure 3.1). The domain can be defined by identifying the significant and relevant 
mandates as well as performance indicators within each mandate. In this study, seven 
performance mandates have already been identified and adopted based on the TBP 
approach and the specifications of these mandates have already been defined in the 
preceding chapter.  The next step is thus to identify relevant performance indicators 
within each mandate and at the same time be as comprehensive as possible. Information 
on how much weight to be given to each of the identified performance indicator should 
also be determined.  
 
After addressing what to measure, it is important to find out who will be facilitating the 
measurement so as to determine the people from whom information and data should be 
collected. Identification of stakeholders whose decision and judgment may significantly 
influence a building’s performance is important. Stakeholder refers to anyone who has a 
vested interest in the building itself and this can range from occupants, building owners 
to consultants. Decision thus has to be made on from which group of stakeholders is it 
more appropriate, more useful and more convenient to obtain the information and data. 
 
Knowing what to measure and who to facilitate the measurement is not sufficient. This 
must be coupled with knowing how to measure the domain specified, in other words, how 
to measure the performance indicators identified. Appropriate tools which include 
checklists, questionnaires or other test methods had to be suitably deployed. In addition, 




the types of data required would also determine the approaches to be adopted in the data 
collection process.  
 
Addressing these issues would aid in formulating the appropriate research methodology 
to be adopted in this study. 
3.2 Research Process and Strategy 
 
 
The methodology adopted for carrying out this study is summarized in the research 
process outlined in Figure 3.2. The various stages encountered in the research process are 
elaborated in the subsequent sections of this chapter. 
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3.3 Stage 1: Identification of performance indicators for the study 
 
In order to identify the relevant performance indicators within each of the seven 
performance mandates, extensive literature review and preliminary interviews are 
conducted as the first step. 
3.3.1 Literature Review 
 
As mentioned earlier, seven performance mandates namely Thermal Performance, Visual 
Performance, Acoustic Performance, Indoor Air Quality, Spatial Performance, Building 
Integrity as well as Safety and Security were identified and defined under the TBP 
approach adopted in this study. Through the review of literature survey, a number of 
existing and relevant performance indicators that served as means of evaluating each of 
the seven mandates are identified.  The list of performance indicators identified within 
each performance mandate aims to be as comprehensive as possible without being overly 
lengthy and cumbersome.  
 
It has been documented that buildings have certain basic attributes that are essentially the 
same for all buildings (Zeisel, 1985). In view of this, it was decided in the study to 
categorize the performance indicators identified into two types: Basic Attributes and 
Features. Basic attributes are the fundamental performance indicators against which each 
performance mandate is to be evaluated upon whereas features are the additional 
indicators that are good to have so as to aid in enhancing the performance level. By 
differentiating between these two groups of indicators, it is possible to assess the 
fundamental performance of office buildings on a common basis yet at the same time be 




able to reward the high performance buildings which have specific features to further 
improve its overall performance. 
 
3.3.2 Preliminary Interview 
 
Preliminary interviews with several experts in the building industry are next conducted to 
sieve out the most significant and fundamental performance indicators applicable in the 
context of Singapore. This also helps to uncover relevant indicators that have been left 
out from the list identified previously from literature review that should be included in 
the assessment of building performance. This process helped to ensure that the number of 
performance indicators involved is kept to a minimal yet comprehensive enough to 
include only the ones that have a significant impact on building performance. 
 
3.4 Stage 2: Method of data collection  
 
The second stage of the research process involved the collection of the required data.  
Interviews and questionnaires are used jointly to collect the perceptions and ratings of the 
identified performance mandates and their corresponding performance indicators from 
selected respondents.  Interviews are good for probing responses and if done properly, 
can be versatile. On the other hand, surveys are good for generating quantitative data and 
enabling a statistical analysis of subgroups (Becker, 1990). Interviews become more 
powerful when combined with survey methods (Becker, 1990).  Justification on the type 




of respondents to be selected, the sampling method and determination of sample size are 
also discussed. 
 
3.4.1 Justification on the type of respondents to be selected 
 
In order to decide on the type of respondents to be surveyed, the nature of building 
performance assessment techniques must first be reviewed. Generally, building 
performance assessment techniques can fall into one of two categories: user based system 
or expert-based system (Becker, 1990). The first employs the building occupants’ 
responses to evaluate the adequacy of a building, using primarily their satisfaction with 
different aspects of the building’s design. The second set of procedures relies on experts’ 
assessment which typically spans a much wider range of considerations (Becker, 1990) 
inclusive of the ability of the building to accommodate changes in occupants’ 
expectations, organizational changes as well as space and energy efficiency etc.  These 
two categories are elaborated below.  
 
3.4.1.1 User-based systems 
 
For user-based systems, the focus is on user satisfaction, measured with social science-
based tools of interviews, surveys, systematic observation and behavioral mapping 
(Becker, 1990). Aspects of the physical environment and the occupants’ judgments about 
the impacts of such physical characteristics on their work behavior and attitudes are 
measured. Although this type of system is limited to existing buildings, the information 




generated can still be used as part of the briefing process for a new building, as well as to 
improve the conditions through renovation of the building for which the data was initially 
collected (Becker, 1990). 
 
3.4.1.2 Expert-based system 
 
This approach to assess building performance is to rely on experts to make judgment 
about the building’s performance (Becker, 1990). The expert assessment can take a 
variety of forms but it usually has a much broader focus and considers a wider range of 
attributes than the user-based system. Judgment is passed based on the expert’s 
experience that cannot be easily transferred on to others (Becker, 1990). This system 
helps to ensure that important factors are not ignored in the assessment and that there is a 
common platform for comparing different buildings using the same criteria. 
 
3.4.1.3 Selection of respondents for the study 
 
Given the complexity of modern buildings and the array of variables that are involved in 
them, development of a meaningful performance assessment system has to be trans-
disciplinary, rather than purely a uni-disciplinary process. This would thus require the 
expertise and inputs of professionals within the building industry who have to translate 
and implement the requirements of the providers and users.   
 




One drawback about user-based system is that one might question the effectiveness of 
asking employees for feedback on their work environment when their perception are so 
often coloured by factors unrelated to the building. People have a tendency to judge their 
workplace not simply in terms of its performance relative to their work but in terms of 
offices they have worked in previously, the degree to which they like their job, rumours 
they have heard about the air quality or impending restrictions on the office size. There is 
also a problem that users may not have the experience of in-depth performance 
characteristics and needs of many buildings. 
 
Although the TBP concept is fundamentally users-oriented, experts-based system would 
make a better choice for the purpose of this study as the expert respondents would have 
gathered more feedback and experience of what users require in buildings.  At the same 
time, they are also equipped with technical knowledge of the buildings.  Their 
perspectives can aid in facilitating a holistic evaluation in which it considers a range of 
key factors which affect overall performance of the building. As most building problems 
call for an interdisciplinary approach, it is necessary to include experts from various 
disciplines. While the views of these individuals are related to their unique disciplines, 
the expertise of the group is often greater than the sum of the expertise of its individual 
members (Building Research Advisory Board, 1985) so it would be more useful to gather 
the opinions from a multi-disciplinary group of experts.  However, it must be reiterated 
that ultimately the needs of the user should take precedence, so the role of the experts is 
to interpret and translate those needs into building performance requirements. 
 




In view of this, the approach adopted in this study seeks to obtain judgments from experts 
that involve the systematic collection and aggregation of informed opinions on specific 
questions or issues in the form of questionnaire.  
 
3.4.2 Sampling method and determination of sample size 
 
When a representative viewpoint across the target groups is required, it is generally a 
good idea and appropriate to employ some form of random selection. If insight is to be 
gained into a particular problem or to explore future developments, then using informants 
who are known to be especially knowledgeable or experienced in specific area makes 
sense (Becker, 1990). The above concerns have to be factored into the choice of the types 
of sampling method adopted in the study.   
 
3.4.2.1 Sampling technique 
 
 
In order to draw representative samples from which valid generalization can be made of 
the population, a number of techniques are available (Burns, 1994). Once the population 
has been carefully defined, a representative sample can be drawn (Tan, 2002). However 
these techniques belong to the ideal case and in practical reality, it is often difficult to 
obtain truly representative samples due to time and resource constraints. 
 
The sampling method employed in this study was stage sampling. The population 
includes professionals and practitioners with relevant experience and knowledge in the 




field of total building performance from various disciplines in the construction industry. 
The population is first divided into various categories of disciplines namely Architects, 
Civil & Structural (C&S) Engineers, Mechanical & Electrical (M&E) Engineers, 
Developers, Building Regulatory Bodies, Academics, Contractors and Facility Managers. 
The second stage involved further categorizing these professionals according to the types 
of firms they worked in. A sample of professionals is then randomly selected based on 
the category of disciplines and the nature of firms they belonged to. The rationale of this 
sampling method being that it is most likely that the perceptions of the respondents are 
not only affected by their professions but also shaped by the nature of firms they are 
working in.  In addition, this method of sampling avoids the virtually impossible rigour of 
a simple random sample and at the same time ensures a wider representation than the 
sampling of entire groups (Burns, 1994). However, in order to ensure that the experts 
selected have the relevant experience and knowledge to contribute to the survey, 
screening is also carried out.  
 
Coupled with stage sampling, snowball sampling is also carried out when some 
respondents provide referrals for additional respondents who have the relevant 
knowledge in the field of study. This process helps to increase the accuracy and response 
rate of the survey. 
 
About 500 correspondences were sent out to these professionals and practitioners in the 
building industry to seek their participation in this survey. Those who accepted the 




invitation to participate and found to be suitable for this study constitute the sample for 
the study.   
 
3.4.2.2 Sample size 
 
 
In general, the larger the sample the better, simply because a large sample tends to have 
less errors (Burns, 1994). However this is not to say that a large sample is adequate to 
guarantee accuracy of results. Although for a given design, an increase in sample size 
increases accuracy, it will not eliminate or reduce any bias in the selection procedure 
(Burns, 1994). Thus representativeness of the sample is still considered to be more 
important than the size of it. 
 
Although it was considered beneficial to have a greater sample size, primarily committed 
participants experienced in the scope of the survey are also required for the successful 
completion of the survey.  
 
Altogether, a sample of 90 professionals and practitioners participated in the survey. 
There was an overall response rate of approximately 18% (90 responses out of 500 
correspondences sent out). In order to minimize the possibility of biased responses in the 
survey due to the different professions and type of firms the respondents belong to, it 
would be good to have a well-balanced mix with no categories outnumbering the others 
in proportion. Although the sample size is not very big, it includes participants who are 
chosen for in-depth knowledge of the subject matter being asked in the building 




performance survey and for their practical experiences in the building industry. This puts 
them in an ideal position to offer their inputs in the area of total building performance. In 
view of this, the present sample size is sufficient to yield representative results. 
 
3.4.3 Distribution of the survey respondents 
 
Table 3.1 presents a breakdown in the distribution of respondents according to the 
category of discipline and the nature of firm they belonged to. The percentages of the 
different types of respondents in the surveyed sample group are also shown in the table. It 
can be seen from Table 3.1 that among the survey respondents, about 11.1% of them are 
academics, 13.3% are architects, 11.1% of them come from building regulatory bodies, 
12.2% are contractors, 11.1% are developers, 13.3 are Civil & Structural(C&S) 
engineers, 16.8% are Mechanical & Electrical (M&E) engineers and 11.1% are facility 
managers. Basically, the sample group does consist of a good mix of different types of 












Table 3.1: Distribution of respondents according to the category of discipline and 



























Academics 10      10 11.1 




     10 10 11.1 
Contractors    11   11 12.2 
Developers  10     10 11.1 
(C&S) 
Engineer  3 4 3 2  12 13.3 
(M&E) 
Engineer  4 4 4 3  15 16.8 
Facility 
Managers  5 5    10 11.1 
Total       90 100 
 
                
3.4.4 Design of questionnaire 
 
In using questionnaires and interviews to collect data, the design of the questionnaire is 
very important to ensure that relevant questions are asked so as to avoid ambiguity and 
increase the accuracy of information gathered. 
 
Prior to the design of the questionnaire, extensive literature review was conducted to 
identify performance indicators relevant to total building performance (refer to Section 
3.3.1).These performance indicators were subjected to further refinement after 




preliminary interviews with several experts from various disciplines (refer to Section 
3.3.2). Subsequent to this, the questionnaire was then designed to incorporate these 
performance indicators so that they can be rated by the selected sample of experts in 
order to determine their contribution to total building performance.  
 
In the questionnaire, these identified performance indicators are categorized according to 
the various performance mandates they belong to. In addition, the performance indicators 
within each mandate are further categorized into two groups: Basic Attributes and 
Features. For a building to be effective in meeting its purposes, certain basic attributes 
must be met more efficiently and with higher priority than others (Zeisel, 1985). The 
same principle applies to features as well. Hence in all, there are altogether 39 basic 
attributes and 36 features identified and incorporated in the questionnaire to be rated by 
the experts for their level of importance and desirability respectively. These ratings 
would subsequently be used to derive the weights which represent the relative priority of 
each attribute or feature to one another in the building. 
 
The questionnaire comprises of three separate sections. A sample of the questionnaire is 
found in Appendix A. The first section of the questionnaire consists of an open-ended 
question, which is to be completed via face-to-face interview. The purpose of this section 
is to elicit independent views from the experts on the attributes that a high performance 
office building should possess and thus understandably precedes other sections of the 
questionnaire. 
 




The second section of the questionnaire seeks to investigate the relative importance of the 
seven performance mandates in relation to one another in a pair-wise manner. The 
respondents are required to rate the importance of each mandate as compared to one 
another in a supposedly ideal office building on a visual analog scale. 
 
The last section of the questionnaire required the respondents to rate the individual 
attributes and features classified within their respective performance mandates. This 
section is divided into 2 subsections. The first subsection required the participants to rate 
the importance of the basic attributes within each of the performance mandates. The 
second subsection required them to rate the desirability level of the features within the 
mandates. 
 
To give a clearer picture on the design and purpose of the questionnaire, the three 
sections of the questionnaire are discussed in further details below. 
 
3.4.4.1 Section I: Open-Ended Question  
 
One of the data collection method used in this study is the open-ended question, which 
allows individuals to respond to the query in their own words. By allowing respondents 
to respond freely to the inquiry, the question is better able to measure their salient 
concerns with regards to building performance than the close-ended format that forces 
people to choose among a fixed set of responses (Tashakkori and Teddlie, 1998).  
 




Open-ended questions have an advantage over fixed-alternative questions in that they 
supply a frame of reference for survey participants’ responses but minimize restraints on 
the answers (Kerlinger, 1986). Respondents are not confined simply to replying to what 
the researchers think might be important by selecting one alternative among limited 
choices, but can express anything they think is relevant to the question at hand. In this 
manner, the responses not only provide confirmation of researchers’ pre-existing 
hypotheses, but can also indicate concerns that may not have otherwise surfaced. 
 
 As such, the open-ended survey can capture diversity in responses and provide 
alternative explanations to those that closed-ended survey questions are unable to capture 
(Miles and Huberman, 1994). Also, open-ended survey responses can explore different 
dimensions of the respondents’ experiences (Sproull, 1988) and in this case, personal 
knowledge in relation to building performance.  
 
While there are advantages to the open-ended survey, criticisms have also been made 
against it. One drawback of open-ended survey data is that it is often time-consuming to 
analyze. Also, the coding decisions made by researchers can pose threats to the reliability 
and validity of the results (Krippendorff, 1980). However, measures to ensure higher 
consistency and accuracy in coding the open-format data can be undertaken. This is 
further dealt with in the later section of this chapter.  
 
This section of the questionnaire consists of an open-ended question which asked the 
building experts to indicate the important factors they would look for in a high 




performance office building. It would then be possible to come up with a definition of a 
high performance building based on the opinions of discerning building professionals. 
This section is completed by the surveyor by means of an interview with the respondent. 
The results from this section can also be used to refine the assessment framework in 
future by incorporating the attributes mentioned by the experts here but not included in 
other sections of the questionnaire. 
 
3.4.4.2 Section II: Pair-wise comparison using Visual Analog Scale 
 
Section II of the questionnaire required the respondents to rate the importance of each 
performance mandate in comparison to one other in a pair-wise manner. In this way, it is 
possible to determine the relative priority which experts place on the performance 
mandates in total building performance. The visual analog scale (VAS) is used to provide 
the respondents with a rating scale that comes with minimum constraints.   
Visual Analog Scale (VAS) 
This scale consists of a straight horizontal line that measures 100mm in length with 
verbal descriptors at each end to facilitate easy understanding of the mandates that are 
being rated. The reliability of the VAS assessment is reported to be better when the now 
standard 100mm scale is used (Kildeso et. al, 1999). It is important that the use of the 
VAS is explained clearly to each respondent. 
Respondents are instructed to mark the location on the line that corresponds to the degree 
of importance they placed as they compared each of the mandates to one another. This 




gave them the greatest freedom to choose the extent of importance they placed on each 
mandate relative to other mandates. The VAS freed the rater from using “direct 
quantitative terms” and allowed “as fine a discrimination of merit” as was desired 
(Kildeso et. al, 1999). This is one benefit of choosing the method of VAS over other 
more common rating scales such as the Likert scale.  
Although the Likert scale is proposed to be a simpler method of attitude measurement, it 
does not provide a basis for saying how much more favourable one is than another 
(Burns, 1994). The total score of an individual also has little clear meaning since many 
patterns of response to various items may produce the same score (Burns, 1994). 
As an illustration, Figure 3. 3 demonstrates the function of the VAS. If one finds that 
visual performance in an ideal typical office building is more important than thermal 
performance, one would mark on the line provided at a location that is nearer to Visual 
Performance. The shorter the distance of the mark from the end of Visual Performance, 
the higher the degree of importance placed on visual performance in relation to thermal 
performance. So in the example shown below, greater importance is placed on visual 
performance as compared to thermal performance because the mark on the line is nearer 
to the end of Visual Performance. 



















Paired comparison constitutes a comparative scaling method in which the respondents are 
asked to rate the importance between two performance mandates which are viewed 
simultaneously on the same scale. Paired comparison method is considered a potentially 
effective mean of obtaining a clear discrimination among the seven performance 
mandates held to be important factors underpinning total building performance. This is 
because the data are based on a series of specific comparisons which respondents are 
asked to make between pairs of mandates rather than on a single rating or ranking of the 
items. 
 
Although paired comparison required the respondents to establish their own criteria in 
making the judgment, they are still useful in delineating the magnitude of the differences 
between the performance mandates if there are any. As people may use different 
dimensions to reach their decision, an explanation on the definition and scope of the 
seven performance mandates is made to the respondents so that the criteria established by 
them would at least be along the same course. 
 
The weights of the seven performance mandates can be determined subsequently by the 
results obtained from this section. This would give an indication of the relative priorities 
placed by the experts on the seven mandates in the evaluation of total building 
performance.  
 




3.4.4.3 Section III: Rating the importance and desirability level of the individual 
metrics 
 
This section sets out to investigate the significance of the various individual performance 
attributes and features pertaining to office building performance. The individual 
performance attributes and features are listed under their respective mandates to be rated 
by the experts:  
 
 Thermal Performance 
 Visual Performance 
 Acoustic Performance 
 Indoor Air Quality 
 Spatial Performance 
 Building Integrity 
 Safety and Security 
 
In addition, this section is further divided into 2 subsections whereby the respondents are 
asked to rate the importance of basic attributes in the first sub-section and the desirability 
level of the features in the second sub-section.  The basic attributes constitute as the 
fundamental performance indicators of the corresponding performance mandates. 
However, it is also useful to include a bonus category that consists of features that would 
aid in enhancing the overall building performance. The features include controls for the 
individuals, energy saving devices etc.  




The objective of this section is thus to first distinguish the basic attributes that should be 
addressed in the evaluation of building performance. After satisfactory fundamental 
performance is achieved, desirable features to have in a building that can enhance the 
overall building performance are identified. The results are then used to facilitate the 
calculation of weights for the basic attributes and features. This would provide an 
indication of the relative priorities that should be considered in the assessment of the 
basic attributes and features.  
 
3.4.5 Method of conducting the survey 
 
Appointments were set up with the experts who accepted the invitation to participate in 
the survey. The survey was conducted through personal interviews at their offices. The 
questionnaire was completed during each interview conducted with the respondent. This 
was vetted and confirmed at the end of the interview to ensure that there was no 
misinterpretation of the questions. Besides personal interviews, questionnaires were also 
sent out via emails to respondents who prefer to complete it over the internet.   
 
3.5 Stage 3: Data Analysis Method 
 
After data has been collected, the next step is to process, clean and transform recorded 
data into information suitable for analysis. A systematic and well-planned procedure 
helps to ensure that processing errors are minimized. After the collated data has been 
edited, coded and checked, statistical techniques are used to analyze these data. The 




following sections describe the methods of data analysis employed in this study for 
different information collated from the survey results. However further details are 
presented in the next chapter.  
 
3.5.1 Section I: Open-Ended Question  
 
Content analysis was used to analyse the open-ended interview data (Holsti, 1969). 
Content analysis is the study of the message itself, and not the communicator or the 
audience. It is the study of the stimulus field. Content analysis is a method of codifying 
the text of writing into various groups or categories based on selected criteria. It assumes 
that frequency indicates the importance of the subject matter (Krippendorff, 1980). 
 
For content analysis to be effective, certain technical requirements should be met (Milne 
and Adler, 1999). Firstly, the categories of classification must be clearly and 
operationally defined. Secondly, objectivity is the key criterion – it must be clear that an 
item either belongs or does not belong to a particular category. Thirdly, the information 
needs to be quantifiable and lastly, a reliable coder is necessary for consistency.  
 
As mentioned earlier, there are several limitations in using content analysis (Milne and 
Adler, 1999). The major drawback of the subjectivity involved in coding emphasized that 
in order for valid inferences to be drawn from content analysis, the reliability of the data 
must be achieved. To attest that the coded data set produced from the analysis for this 




research study is reliable, the following steps were implemented to warrant a greater level 
of reliability and consistency in the survey results.  
 
First, a pilot sample of the responses was randomly chosen. These answers were used to 
create response categories to the open-ended question, and the responses received were 
coded into these categories. Next, a second person then coded the sample of responses to 
ensure that there was agreement and consistency on the appropriate response categories. 
The entire set of responses was then evaluated and answers were coded into the 
respective response categories. To generate credible results i.e. categories with face 
validity, two persons with experience and knowledge of total building performance are 
chosen for coding and data analysis.  
 
From the pilot sample, it was observed that a respondent might cite or express one factor, 
either repeatedly or in many different forms. To prevent double counting of such 
overlapping comments, it is crucial to ensure that no matter how many times a certain 
recording unit was mentioned by a certain person, it was calculated as mentioned once by 
that person in the presentation of the results.  
 
3.5.2 Section II: Pair-wise comparison using Visual Analog Scale 
 
The survey data collected from Section II of the questionnaire was analyzed using 
SPSS/PC+TM Version 12 software and Microsoft Excel.  
 




For the analysis purposes, descriptive statistics were employed, such as box plots.  Box 
plots are an excellent tool for conveying location and variation information in data sets, 
particularly for detecting and illustrating location and variation changes between different 
groups of data. The box plot is an important exploratory data analysis tool for 
determining if a factor has a significant effect on the response with respect to either 
location or variation. The box plot is also an effective tool for summarizing large 
quantities of information. In this case, the box plots can be used to determine the 
importance rating of one performance mandate in comparison to others. 
 
Paired Comparison Analysis is employed in the data analysis of Section II of the 
questionnaire as it helps to work out the importance of a number of options relative to 
each other. It is particularly useful where there is no objective data to base this on. It is 
also a good way of weighing up the relative importance of different courses of action. It 
is useful where priorities are not clear, or are competing in importance. The tool provides 
a framework for comparing each course of action against all others, and helps to show the 
difference in importance between factors. 
 
Other statistical analyses which include the Kendall coefficient of agreement as well as 









3.5.3 Section III: Rating the importance and desirability level of the individual metrics 
 
The data collected from Section III of the questionnaire survey was analyzed using 
SPSS/PC+TM Version 12 software as well as Microsoft Excel.  
 
Descriptive statistics were used to determine the mean, standard deviations, maximum 
and minimum visual analog scale (VAS) scores of the sample as a whole. The standard 
deviation is commonly used as a measure of dispersion or variation. It measures the 
amount by which each VAS score of each parameter and feature differs from the mean.  
 
The VAS scores are arranged in descending order. From this, the top ten attributes and 
features of the seven performance mandates are identified. This helps to determine the 
attributes and features that the building professionals deem pivotal in the evaluation of 
total building performance.  
 
The One-Sample T-Test was used to compare each VAS score of every basic attribute 
and feature to the neutral point of 50 mm. This will aid in identification of the attributes 
and features that are rated as significantly important or desirable by the survey 
respondents. The dependent variable is assumed to be normally distributed in order to 
conduct the One-Sample T-test. To check for normality, a Q-Q plot is generated from the 
SPSS software.  The One-Sample T Test compares the mean score of a sample to a 
known value (in this case, the neutral point of 50 mm). If the significance value is less 
than 0.05, the null hypothesis is rejected and it is concluded that there is a significant 




deviation from the 50 mm mark. In this case, the parameter is deemed significant in terms 
of its importance or desirability level and is then included in the proposed framework.  
 
3.6 Stage 4: Proposed TBP assessment framework 
 
After data analysis is carried out, relevant performance criteria are identified and scoring 
method is proposed to serve as a yardstick against which to evaluate performance of the 
attributes and features within each mandate. Weights are also calculated from the survey 
results to determine the relative importance or desirability level of the various 
performance indicators. The proposed TBP assessment framework is then developed by 
integrating all these components together and the developmental process is elaborated 
and presented in the later chapters. 
  
3.7 Errors in sampling 
 
Survey errors can be divided into non-sampling errors and random sampling errors (Tan, 
2002). 
3.7.1 Non sampling errors 
 
 
Non sampling errors consist of administrative and respondent errors (Tan. 2002). 
Administrative errors can arise due to mistakes in data collection or processing but this 
can be avoided or minimized. On the other hand, respondent errors occur if the response 
is biased and such biases may be deliberate or otherwise (Tan, 2002). In this study, the 




possibilities of such occurrences are sought to be reduced by clear explanations and 
definitions of the various issues in the survey.  
 
3.7.2 Random sampling errors 
 
 
Even when non sampling errors have been eliminated, there are still random sampling 
errors that arise from chance variations between sample and population characteristics 
(Tan, 2002). For example, the means from two different samples are unlikely to the same 
or equal to population mean hence in contrast, non sampling errors are not due to chance 
but may arise out of mistakes. In view of this, sampling errors unlike non sampling errors 
cannot be eliminated but be taken into consideration in making inferences about the 





The research methodology adopted in this study in order to develop the proposed 
assessment framework is outlined and described in this chapter. The performance 
mandates and their respective performance attributes as well as features have been 
identified through literature review and preliminary expert interviews. In order to 
determine the weights of these performance indicators, experts are selected as the 
respondents to give their perceptions and ratings of these indicators in the form of a 
questionnaire so that the survey results can then be used to compute the weights. Methods 
of data collection as well as data analysis are also described in the chapter. 








As discussed in the previous chapter, data was collected through interviews and surveys 
with 90 building professionals consisting of academics, design consultants, developers, 
contractors, facility managers and also members of building regulatory bodies. These 
practitioners have the relevant expertise and experience in the area of total building 
performance which encompasses performance issues pertinent to thermal, visual, 
indoor air quality, acoustic, spatial, building integrity and safety and security 
performance. 
 
The building professionals are first interviewed to list the attributes they deemed 
important in a high performance building in an open-ended interview. This serves to 
elicit their independent views on the criteria of a high performance office building. 
Content analysis is employed to determine the performance aspects deemed important 
by the professionals.  
 
In the second section of the survey, the professionals are asked to rate the relative 
importance of each performance mandate to other mandates with respect to an ideal 
typical high performance office building using a pair-wise comparison approach. The 
objective of data analysis is thus to determine the degree of consensus among the 
experts’ ratings and also the relative importance of each performance mandate to the 
others in assessing the overall building performance. Subsequently, weights were 
developed for each performance mandate based on the survey results. This serves to 




justify greater priority to be allocated to performance mandates that command a higher 
weightage. 
 
The third section of the survey required the experts to rate the importance of basic 
attributes and desirability of features within the respective seven performance 
mandates. Identification of significant attributes and features which are crucial to office 
building performance is made possible through the analysis of the collated data. In a 
likewise manner, weights are also developed for individual performance attributes and 
features based on the survey results. Similarly, this justifies greater attention to be 
focused on evaluation of attributes and features which carry a higher weightage.       
 
4.2 Data Processing 
 
As mentioned in the previous chapter, data gathered via personal interviews during the 
period of survey ensured that the questionnaires were explained clearly and completed 
thoroughly by the respondents.  
 
SPSS Version 12 software program and PHStat2 which is a statistical add-in to 
Microsoft Excel was used for the analysis of data. Details on the types of analysis 








4.3 Data Analysis of Survey Results from Open-Ended Interview 
4.3.1 Content analysis of performance concepts 
 
Content analysis revealed that most of the survey data collected through the open-ended 
interview fits very aptly into the seven performance mandates adopted in this study: 
Thermal Performance, Visual Performance, Acoustics Performance, Indoor Air Quality 
(IAQ) Performance, Spatial Performance, Building Integrity and Safety & Security 
(See Figure 4.1).  Figure 4.1 shows the ranking of the total building performance 
concepts that fit into the seven categories adopted based on the frequency of times 
mentioned by the experts. The total number of responses related to each performance 
mandate and the relative frequency based on percentage of times it is mentioned is 
shown in Table 4.1. It also shows a breakdown on the number of responses related to 
individual criterions and the relative frequency in terms of percentage as well. 
 
Thermal Performance (refer to Figure 4.1) and Visual Performance were by far the 
most frequently mentioned (19%) category or concept relating to respondents’ 
comments about important factors that they would look for in a high performance 
office building. This implies priority and often preference for good thermal and visual 
performance in a building. This finding is not surprising especially in a tropical country 
like Singapore where air-conditioning has almost become a necessity in buildings. 
Included under this heading are mentions of air temperature, relative humidity, variable 
air volume (VAV) with individual control, uniform air distribution, air velocity and 
zonal control, all of which are listed according to descending response frequency (refer 
to Figure 4.1. 




On the other hand, several authors have reported that lighting is recognized as one of 
the most important environmental factors (Baird and Davies, 1991) and the responses 
of the building professionals here are in line with this finding. Included under the 
Visual Performance category were mentions of illuminance level, aesthetics, glare, 
view to outside, integrated day-lighting control, sun shading features on façade and task 
lighting with individual control as shown in Table 4.1 in descending frequency of 
mentions.  
Figure 4.1: Ranking of Total Building Performance (TBP) Concepts based on 
frequency of times mentioned  





















Table 4.1: Survey responses of all TBP-related criteria mentioned in the open-
ended interview 
 Criterion Mentions 
Overall Mandate Level  Individual Criterion Level Criterion 
Frequency Percentage Ranking   Frequency Percentage 
Thermal Performance 51 19% 1  18 6.7% 
Air temperature 
    18 6.7% 
Relative Humidity 
    9 3.3% 
VAV with individual 
control 
    3 1.1% 
Uniform air distribution 
    1 0.4% 
Air velocity 
    1 0.4% 
Zonal control 
    1 0.4% 
Visual Performance 50 19% 1  8 3.0% 
Illuminance level 
    13 4.8% 
Aesthetics 
    11 4.1% 
Glare 
    5 1.9% 
View to outside 
    6 2.2% 
Integrated day-lighting 
control 
    4 1.5% 
Sun-shading features on 
façade 
    2 0.7% 
Task lighting with 
individual control 
    1 0.4% 
Acoustics Performance 23 9% 6  9 3.3% 
Background noise level 
    9 3.3% 
Sound insulation quality 
    3 1.1% 
Perceivable vibration 
    2 0.7% 
IAQ Performance 37 14% 3  24 8.9% 
Air exchange effectiveness 
    5 1.9% 
Air flushing system 
    4 1.5% 
Carbon dioxide level 
    2 0.7% 
Amt of air pollutants 
    2 0.7% 
Spatial Performance 44 16% 2  10 3.7% 
Layout 
    9 3.3% 
Transfiguration flexibility 
    9 3.3% 
Way-finding performance 
    5 1.9% 
Design efficiency 
    3 1.1% 
Raised floor system 
    2 0.7% 
Shared facilities 
    3 1.1% 
Storage facilities 
    1 0.4% 
Partition for privacy 
    1 0.4% 
Proximity performance 
    1 0.4% 
Building Integrity 34 13% 4  6 2.2% 
Building maintainability 
    17 6.3% 
Structural stability 
    9 3.3% 
Building water-tightness  
    2 0.7% 
Safety & Security 31 11% 5  21 7.8% 
Fire integrity 
    4 1.5% 




Emergency evacuation plan 
    1 0.4% 
Anti-terrorism glass 
    1 0.4% 
CCTV in chiller and plant 
room 
    1 0.4% 
Against bio-chemical & 
irradiation agents 
    1 0.4% 
Data security 
    1 0.4% 
Card access 
    1 0.4% 
Column Total 270 100.0%     270 100.0% 
 
Spatial Performance criterion, receiving 16% of the survey sample’s mentions, is the 
second most frequent response as seen in Figure 4.1. This category included attributes 
such as layout, transfiguration flexibility, design efficiency, way-finding performance, 
raised floor system, shared facilities, storage facilities, partition for privacy and 
proximity performance. It is interesting to note that layout (3.3%) and transfiguration 
flexibility (3.3%) raked in the most responses (refer to Table 4.1) under the spatial 
performance category, which further substantiates the growing emphasis on changing 
spatial flexibility in the workplace as the clients’ needs are always evolving.  
 
It is observed from the results that the percentage of mentions for Thermal Performance 
(19%), Visual Performance (19%) and Spatial Performance (16%) only differs very 
marginally although they are ranked in the first and second place respectively. In terms 
of total number of responses, there were 51 mentions for Thermal Performance, 50 
mentions for Visual Performance and 44 mentions for Spatial Performance which 
represents a small difference too. Hence these three mandates command a comparable 
level of importance to the experts as evident in the open-ended interview. 
 
Indoor air quality (IAQ) performance concept was reflected in responses such as air 
exchange effectiveness, air flushing system, carbon dioxide level and amount of air 
pollutants, as shown in Table 4.1. However, it is important to note that majority of the 




respondents’ most frequently mentioned performance issue is ‘air quality’. This 
category ranked third in terms of frequency of mentions (14%). 
  
Building Integrity comes next receiving 13% of the sample survey’s mentions and 
building maintainability is the most frequently mentioned performance criterion within 
this category at a response rate of 6.3%. This finding is not surprising as the 
maintainability of the building has an impact on the operation efficiency and running 
cost of the building throughout its whole life cycle.  
   
Safety & Security ranked after Building Integrity at 11% in terms of percentage of 
responses (refer to Figure 4.1) with specific concerns related to protection against 
terrorism as reflected in responses such as anti-terrorism glass as well as protection 
against bio-chemical and irradiation agents.  Acoustics Performance (9%) is ranked the 
lowest, receiving relatively fewer mentions as compared to the other 6 categories 
mentioned earlier. This might be attributed to the perception of the professionals: users 
are generally more tolerant towards acoustic discomfort as compared to other factors as 
long as the noise level is within the acceptable range.   
 
Responses apart from the seven performance mandates adopted were also recorded and 
analyzed separately. It emphasized that these additional concepts are closely related or 
may constitute subsets of the seven performance mandates adopted under the TBP 
approach. The issues derived from this section are shown in Figure 4.2 in descending 
order of frequency of mentions.  
 
The most frequent issue the sampled building experts had expressed concern for is 
Energy Efficiency (33%). Some respondents indicated in their responses that energy 




efficiency is a crucial factor not to be overlooked as it affects the company’s bottom 
line. More than half of the respondents feel that energy efficiency is a crucial factor in 
ensuring a high performance building also mentioned its relation to thermal and visual 
performances in a building. 
 
Figure 4.2: Ranking of other performance issues based on frequency of times 
mentioned  
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Energy Efficiency
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Some respondents specifically mentioned the importance of energy efficiency of air-
conditioning and lighting systems in an office building. The reason for this emphasis 
could largely be due to the fact that both the air-conditioning and lighting systems are 
the two largest energy-consuming systems in office buildings in Singapore. This 
finding has been established earlier in a local research study carried out on 104 office 
buildings in Singapore. Hence, the energy efficiency or inefficiency of these systems 
can greatly influence the amount of energy consumed by the office building, thereby 
affecting the building operating costs. In view of the global trend of rising energy cost, 
it is no surprise that this criterion commanded the most mentions. Despite this, it is 




important to ensure that the comfort of the users is not compromised in an attempt to 
save energy.  
 
The issue that received the next most mentions is Performance of Building Systems. 
Analysis of the responses indicated that a substantial number of building professionals 
(19%) are quite concerned with the performance of building systems. Given the local 
hot and humid climate, it was no surprise that comments made in this category mainly 
focuses on the air-conditioning system which is directly related to Thermal 
Performance as well as Energy Efficiency. On the other hand, it is interesting to note 
that the next building system the respondents expressed concern for is the vertical 
transportation system (elevators and escalators). Respondents making comments in this 
category indicated that it might be an acute problem if the vertical transportation 
system in the office building does not function effectively and efficiently.  
 
Other criterions mentioned such as communication system refers to teleconferencing 
facilities, internet access etc. which are crucial to facilitate business operations. 
Occupants’ satisfaction and control which fits into the user-oriented approach of the 
TBP concept are also brought up by the professionals. Building automation and 
sustainability in a building are also considered desirable by the professionals in a high 
performance office building. 
 
It can be seen that the performance of the building systems and communication system 
is closely related to the Spatial Performance concept in that the building must be 
designed to cater to the installation of such systems to fulfill the functional needs. 
Occupants’ satisfaction and control are related to most of the TBP concepts in that if 
the occupants are provided with access to control in their environmental conditions, the 




more satisfied they will be. As for building automation system, it serves as a control to 
monitor and regulate some of the parameters within the TBP performance categories. 
 
Energy efficiency and sustainability are related to one another and should be taken into 
consideration in the design objectives of a building. In the assessment of total building 
performance, the users’ needs in terms of health and comfort as well as the functional 
needs of the business organizations should be satisfied first and not compromised for 
energy and sustainability issues. Energy and sustainability issues albeit important are 
thus not made explicit as individual mandates in the TBP framework because they are 
usually not reflected through the users’ perspective. Instead, energy and sustainability 
issues are considered in the design optimization of other basic criteria such as thermal 
performance, visual performance, indoor air quality and are addressed implicitly in this 
study through some parameters considered in the TBP performance mandates such as 
VAV systems, occupancy sensors and rooftop gardens etc.  
 
4.3.2 Analysis according to professional backgrounds of respondents 
 
The responses collated from the respondents were broken down for different groups of 
professions.  
 
Figure 4.3 shows the frequency of responses in terms of percentage from different 
groups of profession for each performance mandate. This reflects the priorities placed 
by each group of professions. There were a few distinct disparities in the responses 
between different groups of profession and more often than not, the comments made by 
the survey respondents are usually related to their professions.  




Figure 4.3: TBP-related responses broken down according to types of professions 
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Academics      
 
As shown in Figure 4.3, it is apparent that academics are most concerned with the 
concept of thermal performance (80%) followed next by visual performance (70%). 
One possible reason could be that most of these academics who are in building-related 
fields have ascertained from previous studies and research that thermal performance is 
paramount to a building especially in tropical climate such as Singapore. Likewise, 
visual performance is also very important because research has shown that this can 
affect the productivity of the users in the building as well. 
 
On the other hand, it can be seen that the architects are most concerned with visual 
performance (75%) as well as spatial performance (67%). This observation is not 
unexpected as these are perceived to be the main design functions of architects. 




Architects naturally place more emphasis on visual performance as improper 
illumination can force occupants to position themselves in postures that are unhealthy 
or bio-mechanically incorrect because of glare or because of a lack of task lighting. As 
the architects are responsible for designing the layout of the building, they tend to place 
emphasis on the spatial performance of the building. This includes aesthetics, spatial 
efficiency and ease of way-finding around the building.  
 
Professionals from building regulatory bodies are generally most concerned with 
thermal performance (60%) and least concerned (10%) with acoustic performance in a 
high performance building. This further reiterates the fact that thermal performance has 
always received high emphasis mainly because thermal discomfort can be directly felt 
by the occupants. However it is interesting to note that only a small percentage of 
professionals from the building regulatory bodies mentioned building integrity as a 
important factor since these professionals are the ones responsible for ensuring that the 
buildings comply to the building codes. This is mostly likely explained by the fact that 
building integrity is already deemed to be well taken care of by the building regulations 
and codes.  
 
On the other hand, the contractors appeared to be most concerned with building 
integrity (55%) and least concerned with acoustic performance (27%) as observed in 
Figure 4.3. It is understandable that the contractors place such a strong emphasis on 
building integrity especially in terms of structural stability and building maintainability 
since it concerns the safety of the occupants and also the ease of maintenance for the 
building.    
 




As seen from Figure 4.3, the developers are rather balanced in their concerns with 
respect to the seven performance mandates. Visual performance (40%), spatial 
performance (40%) and safety and security (40%) issues are especially important to this 
group of respondents. This is not surprising because the developers are well aware that 
the aesthetics of the building coupled with a comfortably and effectively lit 
environment will appeal to the potential tenants. It is also no wonder that the 
developers place an emphasis on spatial performance because the availability of 
rentable space in the building affects their bottom-line ultimately. In addition, a 
building that is well designed in terms of its layout and also flexible enough for future 
transfigurations would cater more appropriately to the changing needs of the tenants. 
Safety and security performance of a building is also of high priority to the developers 
because they do not want buildings constructed in their portfolio to be vulnerable to 
intrusion and attacks. 
 
Generally, it can be seen that both Civil & Structural (C&S) engineers and Mechanical 
& Electrical (M&E) engineers voted thermal performance and visual performance as 
the two most important factors in a high performance building. Thermal performance 
received 58% and 67% of the votes from C&S engineers and M&E engineers 
respectively. On the other hand, visual performance received 67% and 60% of the votes 
from C&S engineers and M&E engineers respectively.   The results may be due to the 
fact that M&E engineers are the main parties involved in the design of air-conditioning 
system, and that the air-conditioning system has been singled out to be the most 
energy-consuming system in office buildings. On the other hand, the C&S engineers 
are usually involved in the design of the façade which has an impact on the overall 
cooling load of the building. In addition to this, thermal discomfort is the most frequent 




cause of complaints among users.  Engineers also find visual performance important. 
This may be related to the fact that lighting is the second most energy-consuming 
building system after air-conditioning system. Availability of daylight admitted into the 
building while at the same time minimizing the glare factor is also important 
consideration in the choice of the glazing used.   
 
On the whole, C&S engineers and M&E engineers are rather comparable in terms of 
their votes for different performance mandates. The greatest difference is observed in 
the votes for spatial performance between the C&S engineers (33%) and M&E 
engineers (53%). This can perhaps be attributed to the importance of adequate and 
accessible space for installation and maintenance of the M&E services to the M&E 
engineers.   
 
As observed in Figure 4.3, facility managers emphasized on building integrity (70%), 
IAQ performance (60%) as well as safety & security issues (60%) when selecting a 
high performance building. It is no surprise that the facility managers place highest 
emphasis on building integrity as they are usually very concerned about the structural 
stability, serviceability of the building and if there is adequate provision for space 
designated to carry heavy loads. On the other hand, the emphasis on IAQ performance 
can be attributed to the increase in awareness of the Sick Building Syndrome with users 
being more concerned about the impact of poor indoor air quality on their health and 
productivity. In view of the recent spate of security threats, facility managers are also 
behooved to take on greater roles in ensuring building safety and security as world 
events prompt them to take greater security oversight.  
 




4.3.3 Reliability of coding 
 
 
In order to determine the reliability of the results obtained from content analysis, ‘inter-
coder reliability’ is used. Inter-coder reliability is the percentage of agreement between 
several judges processing the same communication material. It is the degree of 
consistency between coders applying the same set of categories to the same content. A 
commonly used measure of reliability is the ratio of coding agreements to the total 
number of coding decisions. Thus, if in a particular study, two judges make a total of 
1,000 decisions each, and agree on 930 of them and disagree on 70, the coefficient of 
reliability would be 93%. It is believed that researchers can be quite satisfied with 
coefficients of reliability above 85% and studies with reported reliabilities of less than 
80% should be treated with suspicion (Kassarjian, 1977). 
 
In this analysis, two judges were used to code the survey responses into the relevant 
categories.  An inter-coder reliability of 95% was achieved, rendering the results and 
outcome of content analysis highly reliable. There was a disagreement over 5% of the 
coding agreements and these responses are left out in the computation of frequency of 
mentions.   
4.4 Data Analysis of Survey Results from Pair-Wise Comparison 
 
4.4.1 Computation of pair-wise ratings from Visual Analog Scale (VAS) 
 
In Section II of the questionnaire, the respondents were asked to rate the level of 
importance among the seven mandates pair-wise at a time between all 21 possible pairs 
by marking on the visual analog scale (VAS). No numerical values are shown on the 
scale to allow greater flexibility in rating the importance level so that respondents are 




not “forced” to confine their ratings to certain range as in the case of conventional 
questionnaires using ordinal scales.  
 
If the respondent perceives Thermal Performance of a high performance building to be 
more important than Visual performance, the respondent would mark a stroke on the 
scale nearer to the end of Thermal Performance. The importance rating of each 
performance mandate in comparison to another mandate is measured from the VAS, 
which is 100mm long. 
 
Figure 4.4 illustrates, with an example, the method of measuring the importance rating 
of Thermal Performance in comparison to Visual Performance and vice versa. The 
length measured from the end starting with 0, depending on which mandate is being 
measured in comparison to the other, to the location of the mark on the scale constitute 
the importance rating of the corresponding mandate. Thus, importance rating of 
Thermal Performance in comparison to Visual Performance is determined by the 
















Figure 4.4: Example showing the method of measuring importance rating of each 













Likewise, the importance rating of Visual Performance in comparison to Thermal 
Performance is determined by the measured distance from the other end to the mark on 
the scale to be 20. The ratings between each pair of mandates would always add up to 
100 because both mandates are measured along the same scale for their importance.  
 
A rating below 50 indicates that one performance mandate is perceived to be less 
important to the other mandate in comparison. On the other hand, a rating above 50 
indicates that the performance mandate is perceived to be comparatively more 
important than the other mandate. If the two mandates in comparison are equally 
important, this would be reflected by a rating of 50. Hence, it is apparent in this 
example that Thermal Performance is judged to be comparatively more important than 
Visual Performance with an importance rating of 80.   
Visual 
Performance 
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This method of computation is carried out to measure the pair-wise importance ratings 
of all the performance mandates in comparison to one another. Results from analysis of 
the survey data are discussed in detail in the subsequent sections. 
 
4.4.2 Kendall Co-efficient of agreement for paired comparison data 
 
In this section, the experts’ ratings are first analyzed to determine the degree of 
consensus among them. Although it is expected that the experts will express a wide 
variety of opinions due to their different backgrounds and this phenomenon has already 
been reflected from the content analysis results obtained from the open-ended survey, it 
is nonetheless desirable to determine the degree of consensus among the experts 
concerning mandates affecting total building performance.  
 
As mentioned previously, a task in which subjects are asked to indicate their 
preferences for one of a pair of objects is called paired comparisons. When data are 
gathered by the method of paired comparison, it is possible to calculate the degree of 
agreement among the respondents in their preferences. The Kendall coefficient of 
agreement u is suitable for assessing paired comparison data. In order to calculate the 
coefficient of agreement, the preferences for each individual are examined and then 
aggregated into a single index. These preferences may be summarized into a preference 
matrix. A preference matrix is a table summarizing the number of times each object is 
preferred to every other object. The table contains an entry for every pair in which the 
row variable is preferred to the column variable (Siegel and Castellan, 1988). 
 




In order to determine the importance of each mandate to each person in this study, the 
90 experts were given each of the seven mandates in pairs and asked to indicate which 
of the two they considered more important in its contribution towards total building 
performance. Since the data in this study are paired comparisons, the Kendall 
coefficient of agreement is an appropriate statistic for determining the degree of 
agreement among the experts. 
 
In this study, k=90 experts made paired comparisons among N=7 mandates. The 
frequencies of experts’ ratings are tabulated in the preference matrix shown in Table 
4.2. The number of experts who rated the row mandate to be comparatively more 
important than the column mandate is computed. A count of 1/2 is each allocated to the 
row mandate and column mandate under comparison for every expert who rated both 
mandates of a pair to be equally important.  Each cell of the matrix thus contains an 
entry for every pair which denotes the total frequencies whereby the row mandate is 
rated to be comparatively more important or equally important to the column mandate.  
 
Table 4.2: Preference matrix showing the total frequency of pair-wise comparison 
ratings of the 90 experts 
 
 
 T V A IAQ Sp BI SS 
T ― 68.5 70.0 43.5 62.5 43.5 28.0 
V 21.5 ― 43.0 26.0 45.5 37.5 21.0 
A 20.0 47.0 ― 19.5 48.5 34.0 20.5 
IAQ 46.5 64.0 70.5 ― 64.5 47.0 30.0 
Sp 27.5 44.5 41.5 25.5 ― 32.5 23.5 
BI 46.5 52.5 56.0 43.0 57.5 ― 27.5 
SS 62.0 69.0 69.5 60.0 66.5 62.5 ― 
 





T-Thermal performance  V-Visual performance 
A-Acoustic performance  IAQ-Indoor air quality 
Sp-Spatial performance  BI-Building integrity 
SS-Safety and Security 
 
To calculate the coefficient of agreement u, the following equation is used: 
                   u  = 
( )






+ 1    
(Source: Siegel and Castellan, 1988) 
 
Where  
aij is the total frequency in each cell whereby the row mandate is rated to be 
comparatively more important or equally important to the column mandate 
k is the total number of respondents 
 
N is the total number of mandates 
 
The summation of aij can be taken above or below the diagonal in the matrix. If there 
are fewer non-zero entries (or smaller entries) on one side of the diagonal, that 
particular side may be chosen for ease of calculating the coefficient of agreement. 
Nevertheless, the same value is obtained irregardless of the side of the diagonal from 
which the entries are calculated. Thus to verify the result, a simple check using entries 
from both sides of the diagonal can be carried out. 
 Eq. 4.1 




4.4.2.1 Calculation of co-efficient of agreement 
 
For the preference matrix given in Table 4.2, the sums for the aij below the diagonal is  
as follow: 
 
∑aij = 1053.5 
 




k = 90 
 
N = 7 
 
With these values, u can be calculated using Eq. 4.1 above: 
 
   u  = 
( )






+ 1                                                                
= 
( ) ( )[ ]




 + 1 
                                            = 0.12 
 
From the result above where u=0.12, it can be seen that there is little agreement among 
the experts in their pair-wise ratings of the performance mandates as the maximum 
value of u is equal to one if there is complete agreement among the experts. However, 




another test has to be carried out before it can be determined whether this degree of 
agreement represents a significant departure from random agreement among the judges. 
The next step is to test the significance of the coefficient of agreement u. 
 
4.4.2.2 Testing the significance of coefficient of agreement 
 
The statistic u can be thought of as an estimate of a population attribute v which 
represents the true degree of agreement in the population (Siegel and Castellan, 1988). 
In this case, the population consists of the mandates being rated.  
 
The null hypothesis Ho: v=0 can be tested against the hypothesis H1: v≠0. That is, the 
null hypothesis reflects that there is no agreement among the experts and the alternative 
is that the degree of agreement is greater than what one would expect had the paired 
comparisons been rated at random.   
 
As the number of raters and the number of factors being rated is big, a large sample 
approximation to the sampling distribution is to be used. In this case, the test statistic is 
as follow:  
 
                                        X 2 = 




(Source: Siegel and Castellan, 1988) 
 
which is asymptotically distributed as X2 with N(N―1)/2 degrees of freedom. The test 
is closely related to the chi-square goodness-of-fit test (Siegel and Castellan, 1988).  
 
 Eq. 4.2 




4.4.2.3 Calculation of test statistic 
 
In order to test the significance of the coefficient of agreement calculated previously, 
the hypothesis is set as follow: 
 
Ho: v=0 (No agreement among the experts) 
H1: v≠0 (The degree of agreement is greater than what is expected had the rating been   
random) 
 
Degree of freedom = N(N―1)/2  
         =7(6)/2 
                               =21 
 
Level of significance α=0.05 
Reject Ho if X2 > 32.67 (taken from Table B1 in Appendix B) 
 
Test Statistic: 
                                           X 2 = 




                                                 = 




                                                 =      245.3 
 
Since X2 = 245.3 which is > 32.67 (critical value), Ho: v=0 is rejected. It can thus be 
concluded that there is significant agreement among the experts in their pair-wise 




ratings of the importance of the mandates as the degree of agreement is greater than 
what is expected had the experts rated the mandates at random.  
 
4.4.2.4 Analysis of results derived from Kendall coefficient of agreement 
 
 
Although the coefficient of agreement u had reflected that there is little agreement 
among the experts in their pair-wise ratings, the result from the test of significance had 
shown that the degree of agreement among the experts did not occur by chance.  Thus 
there is consensus among the experts despite their diverse backgrounds in their ratings 
of the importance of the performance mandates in total building performance. In this 
sense, it would then be meaningful to use the experts’ ratings to compute the weights of 
the performance mandates subsequently. 
 
In addition to knowing that the ratings did not occur by chance but that there is 
agreement among the experts in their importance ratings, it is also useful and 
interesting to examine the frequency of ratings for each mandate. This helps to illustrate 
the degree of agreement the experts have in their importance ratings of each mandate in 
comparison to other mandates. 
 
4.4.3 Analysis of frequency of experts’ pair-wise ratings 
 
 
Another preference matrix which tabulates the frequency whereby the row mandate is 
rated as comparatively more important to the column mandate or equally important (the 
number in brackets) in each cell is shown in Table 4.3. Upon examination of Table 4.3, 
it is observed that majority of the experts are in agreement that Safety and Security is 




comparatively more important to the other six mandates. More than 60% of the 90 
experts took this view as reflected by the frequencies shown in the table (generally 
more than 55 counts) for each pair-wise comparison of Safety and Security to other 
mandates. This result is a little surprising because the issue of Safety and Security was 
only ranked fourth in the result of content analysis discussed previously in Section 
4.3.1. This might be attributed to the fact that the experts did not relate Safety and 
Security to the performance of the building at first instance under an open-ended survey 
condition, although this mandate is in fact of utmost importance to them. However 
when they are made to carry out comparative assessments, it becomes obvious that the 
importance of Safety and Security in a building outweighs the rest of the mandates. 
Table 4.3: Preference matrix showing the frequency whereby the row mandate is 




T V A IAQ Sp BI SS 
T  ― 64 (9) 66 (8) 36 (15) 60 (5) 39 (9) 23 (10) 
V 17 (9) ― 40 (6) 21 (10) 38 (15) 35 (5) 18 (6) 
A 16 (8) 44 (6) ― 16 (7) 44 (9) 32 (4) 20 (1) 
IAQ 39 (15) 59 (10) 67 (7) ― 63 (3) 44 (6) 25 (10) 
Sp 25 (5) 37 (15) 37 (9) 24 (3) ― 30 (5) 19 (9) 
BI 42 (9) 50 (5) 54 (4) 40 (6) 55 (5) ― 20 (15) 
SS 57 (10) 66 (6) 69 (1) 55 (10) 62 (9) 55 (15) ― 
 
Where 
T-Thermal performance  V-Visual performance 
A-Acoustic performance  IAQ-Indoor air quality 
Sp-Spatial performance  BI-Building integrity 
SS-Safety and Security 
Note:  




1. The number outside the ( ) in each cell represents the frequency of experts who rated the row mandate 
as comparatively more important the column mandate.  
2. The number in ( ) in each cell represents the frequency of experts who rated the row mandate as 
equally important to the column mandate in comparison. 
 
On the other hand, Table 4.3 also reveals that Thermal Performance is rated by most 
experts to be comparatively more important except in comparison to Indoor Air 
Quality, Building Integrity and Safety and Security. More than 50% of the experts rated 
Thermal Performance to be comparatively more important to Visual Performance, 
Acoustic Performance and Spatial Performance with frequencies of 64, 66 and 60 
respectively. In this aspect, this result seems to be consistent to the finding from the 
content analysis whereby Thermal Performance is the most frequently mentioned 
concept. This is not unexpected as thermal performance of the building had always 
been the subject of much concern especially in a hot and humid climate in Singapore. 
 
Unexpectedly, Visual Performance appears to be rated as comparatively less important 
to other mandates by more than 50% of the experts except in comparison to Acoustic 
Performance. In this case, 40 experts rated Visual Performance to be comparatively 
more important to Acoustic Performance. This is in contrary to the results shown in the 
content analysis whereby Visual Performance was ranked the most frequently 
mentioned concept along with Thermal Performance. However, this does not indicate 
that Visual Performance is not important but in comparison to the rest of the mandates, 
it occupies a lower level of priority to the experts. Meanwhile quite a large number of 
experts (15) rated Visual Performance to be equally important as Spatial Performance. 
This might be because the quality of the visual environment is to a certain extent 
dependent on the layout of the interior office space.  




On the whole, it is observed that majority of the experts are in agreement that Safety 
and Security is comparatively more important to the other six mandates evident from 
the frequencies shown in Table 4.3. Thermal Performance and Indoor Air Quality 
appeared to be the next two mandates with a substantial number of counts in being 
rated as comparatively more important than the other mandates. This is followed by 
Building Integrity with also a rather high frequency of ratings for it over other 
mandates. It is observed that Spatial Performance, Visual Performance and Acoustic 
Performance are the last three with generally less than 50% of the experts rating them 
as comparatively more important to other mandates.  
 
It is also noted that the quite a number of experts (15) rated Thermal Performance and 
IAQ performance to be equally important. Building Integrity and Safety & Security 
Performance were also rated to be equally important by 15 experts. This is not 
surprising as Thermal Performance and IAQ performance share a closely 
interdependent relationship with air temperature and humidity affecting the perception 
of indoor air quality in the office space. Similarly, Building Integrity and Safety & 
Security are also related to one another as the resistance of the building against terrorist 
acts is highly dependent on the structural ability of the building to withstand drastic 
attacks.   
 
4.4.4 Analysis of pair-wise importance ratings of each mandate to other mandates 
 
The results and discussion of the preceding section illustrates the degree of agreement 
among the experts in their ratings of the importance of one mandate over the other 
based on frequency of ratings. However, to obtain a clearer picture on the extent of 




importance of one mandate over the other, it is necessary to examine the actual pair-
wise importance ratings of each performance mandate to other mandates. The following 
sections present the results of the analysis from SPSS, where the distribution, median 
and mean importance ratings of each performance mandate in comparison to other 
mandates are examined.  
 
Box-plot analysis is employed to determine the variation in importance ratings of each 
performance mandate in comparison to other mandates. The box-plot diagrams provide 
an overview of the median and spread in level of importance placed on each mandate in 
comparison to another mandate as rated by the respondents. The mean importance 
ratings depicted in the form of bar charts complement the box-plots to give a clearer 
picture of the emphasis placed on each mandate over another by the respondents.  
 
In order to provide a better understanding of box-plot analysis, an annotated sketch of a 
box-plot is shown below in Figure 4.5. The box-plot facilitates a good way of 
displaying the distribution within groups. The horizontal bold line in the middle of the 
box marks the median of the sample. The edges of the box which are called hinges 
represent the 25th and 75th percentiles. The median splits the values in the sample into 
half, and the hinges split the remaining halves into half again. Thus the central 50% of 
the data lie within the range of the box. The length of the box is called the h-spread and 
corresponds to the inter-quartile range. The vertical lines extending from the ends of the 
box show the range of values that fall within 1.5h-spreads of the hinges. 
 
In addition to providing a succinct summary of where the bulk of the values are 
concentrated, the box-plot is constructed to identify outliers (“outside values”) and 




extreme values (“far outside values”) which is shown in the figure below. Hence the 
values that vary extremely from the bulk of values within the sample can be singled 
out. 




(Source: SPSS, 1999) 
                                                        
4.4.4.1 Importance Rating of Thermal Performance in comparison to other mandates 
 
It is observed from Figure 4.6 that the medians and spread of the six groups of paired 
comparisons differ although not drastically. The medians generally lie at a value greater 
than 50 which indicate that more than 50% of the respondents rate Thermal 
Performance as comparatively more important. This is also reflected in Figure 4.7 
which showed that Thermal Performance generally obtained a comparatively higher 
mean rating than other mandates except in comparison to Safety and Security and 




Indoor Air Quality. These observations are reasonably consistent with that presented in 
the previous section where the frequencies revealed that most of the experts (more than 
50%) rated Thermal Performance as comparatively more important except in the case 
against Safety and Security, Indoor Air Quality and Building Integrity (refer to Table 
4.3). 
 
The emphasis on Thermal Performance could be attributed to the reason that thermal 
related issues usually receive the most frequent complaints as the discomfort from 
thermal environments is most directly felt. On the other hand, Thermal Performance is 
perceived to be comparatively less important to Safety and Security in a building at a 
mean rating of about 40. This is not surprising considering the recent concern over the 
threat of terrorism worldwide. It is interesting to note that although the previous result 
showed that about 57 out of 90 experts (refer to Table 4.3) had rated Safety and 
Security to be comparatively more important to Thermal Performance, the difference 
between these two pair-wise importance ratings is rather small. Hence this shows that 
the level of priority placed on these two mandates is comparable. It is also observed 
that Indoor Air Quality is rated as almost equal in importance to Thermal Performance 
probably because these two mandates are closely related. A few outliers are observed in 
Figure 4.6. The numbers 12, 23 and 39 represent the academic, architect and facility 
manager respectively who have rated Thermal Performance to be comparatively less 





































4.4.4.2 Importance rating of Visual Performance in comparison to other mandates 
  
Generally, the medians and spreads of the six groups of paired comparisons do not vary 
greatly as seen from Figure 4.8. It is observed that most of the respondents rate Visual 
Performance as comparatively less important as other mandates because the medians lie 
at a rating of 50 or lower. This indicates that the bulk of the ratings lie at an importance 
level of less than 50. This observation is further substantiated by the results given in 
Figure 4.9 which show the mean importance ratings of Visual Performance in 
comparison to other mandates. Generally, Visual Performance is rated lower in all 
paired comparisons except against Spatial Performance and Acoustic Performance. 
Although Visual Performance does play a role in achieving good overall building 
performance, it was perceived by the experts that stronger emphasis should be placed 
on other mandates which include Thermal Performance, IAQ, Building Integrity as 
well as Safety & Security. 
 
These findings are consistent to previous results shown in Table 4.3 which indicate that 
on the whole, more than 50% of the experts rated Visual Performance to be 
comparatively less important except to Acoustic Performance and Spatial Performance. 
In addition, the greatest agreement achieved among majority of the experts was in 
rating Safety & Security and Thermal Performance to be comparatively more important 
than Visual Performance. The frequency of rating these two mandates to be more 
important in comparison to Visual Performance was more than 60 (refer to Table 4.3). 
It is also apparent from Figure 4.8 and Figure 4.9 that the experts are very clear in their 
choice of emphasis placed on Safety & Security, Thermal Performance and IAQ over 
Visual Performance as reflected by the median and mean importance rating (less than 




40). The importance of Safety & Security, Thermal Performance and IAQ clearly 
outweighs that of Visual Performance. 
 
Outliers are observed in Figure 4.8. Respondent no. 23 who is an architect had rated 
Visual Performance to be very important as compared to Safety & Security and 
Thermal Performance with a maximum rating of 100. This rating differs significantly 
from the bulk of other experts’ ratings. Likewise, respondent no. 39 who is a facility 
manager had rated Visual Performance to be comparatively more important than 
Thermal Performance with a rating of 92 which deviates considerably from the rest of 
the experts’ ratings. 

































4.4.4.3 Importance rating of Acoustic Performance in comparison to other mandates 
 
The medians and spread of the six groups of paired comparisons do not vary greatly as seen in  
 
Figure 4.10. It is further observed that the medians lie at a value of 50 or lower for most 
of the groups except in comparison to Visual and Spatial Performance. This indicates 
that most of the respondents rate Acoustic Performance as comparatively less important 
as other mandates except for Visual and Spatial Performance. Figure 4.11 also reflects 
that Acoustic Performance rates lower in comparison to other mandates with a mean 
rating of 50 or lower except to Visual and Spatial Performance. As reflected from 
Figure 4.10 and Figure 4.11, the experts appeared to perceive Acoustic Performance as 
almost equally important as Visual and Spatial Performance.  
 

































In comparison to the results reflected in Table 4.3 which shows the frequencies of pair-
wise ratings made by the experts, it is observed that most of the experts (more than 60 
out of 90 experts) rate Acoustic Performance as comparatively less important than 
Thermal Performance, IAQ and Safety & Security. The level of emphasis placed on 
Acoustic Performance in comparison to Thermal Performance, IAQ and Safety & 
Security is much lower as reflected by the median and mean importance rating (less 
than 40). Results from the open-ended survey in Section 4.3.1 also reflected that 
Acoustic Performance was ranked below Thermal Performance, IAQ and Safety & 
Security. 
  
Two outliers were observed in  
 
Figure 4.10. The same respondent (no. 33) who is an architect has rated Acoustic 
Performance to be comparatively more important than IAQ and Safety & Security with 
a rating of 91 and 90 respectively. These ratings differ considerably from other experts’ 
ratings in its group. 
 
4.4.4.4 Importance rating of Indoor Air Quality in comparison to other mandates 
 
The medians and spread of the six groups of paired comparisons vary considerably 
although they are still more or less normally distributed. From Figure 4.12, it can be 
seen that the medians lie at a value of 50 or above except in the comparison to Safety & 
Security. This observation indicates that Indoor Air Quality is generally rated by the 
experts as equally important, if not, comparatively more important than most of the 




other mandates. A few outliers appeared in Figure 4.12 which reflects a considerable 
difference in ratings by three of the respondents as compared to the others in the group.  
It is also clearly shown in Figure 4.13 that Indoor Air Quality has a higher mean 
importance rating of at least 50 or above in comparison to all mandates except Safety & 
Security. Issues pertaining to Indoor Air Quality have been given increasing attention 
due to the emergence of Sick Building Syndrome. As such, it not unexpected that the 
professionals place strong emphasis on performance related to Indoor Air Quality as 
being an important contributor to good building performance.  
 























   











Although more than 55 out of 90 experts (refer to Table 4.3) rated Safety & Security to 
be comparatively more important than Indoor Air Quality, it appeared that the 
difference in level of importance placed on the two mandates is not very big as 
reflected by the median and mean importance rating shown in Figure 4.12 and Figure 
4.13. This indicates that the level of priority placed on these two mandates by the 
experts is still considered comparable in the assessment of a high performance office 
building. 
 
Although the findings obtained here are not consistent to the results from the open-
ended survey which reflected that IAQ was ranked before Safety & Security, the 
difference in percentage of mentions between IAQ (14%) and Safety and Security 




(11%) is not very big. This indicates that IAQ and Safety and Security are considered 
comparable which is, to a certain degree, in line with the observations found in this 
section. 
4.4.4.5 Importance rating of Spatial Performance in comparison to other mandates 
 
  
From Figure 4.14, it is observed that the medians of the six groups of paired 
comparisons fall at a value of 50 or lower which is indicative of a comparatively lower 
importance placed on Spatial Performance by most of the respondents. This is further 
substantiated in Figure 4.15 where it is clearly shown that the mean importance rating 
of Spatial Performance is lower than 50 for most of the pair comparisons except in 
comparison to Acoustic Performance and Visual Performance. This observation has 
also been reflected in previous sections in which Spatial Performance is found 
consistently to have a comparatively lower importance rating than other mandates 
except Acoustic Performance and Visual Performance. This is indicative that Spatial 
Performance takes up a smaller albeit important role in comparison to other mandates 
in a high performance office building. The result does not negate the role Spatial 
Performance has to play in order to facilitate the fulfillment of functional needs and 
operations of the organization.   
 
As observed from Figure 4.14 and Figure 4.15, it is seen that the experts on the whole 
perceived the importance of Spatial Performance to be on par with that of Visual 
Performance and Acoustic Performance. This outcome can perhaps be attributed to the 
fact that spatial layout has an impact on the visual and aural environment of the 
workplace. This is especially so in modern contemporary workplaces which is open-
plan and subjected to changes in transfiguration of the layout. 




Four outliers are observed in Figure 4.14. In this case, respondent no. 23 (an architect) 
is responsible for three of the outliers as he has rated Spatial Performance to be very 
important in comparison to Safety & Security, IAQ and Thermal Performance at a 
rating of 100 for all three. These ratings differ considerably from other experts’ ratings 
in the group. Respondent no. 12 (an academic) has also given a considerably much 
higher rating to Spatial Performance over Thermal Performance than others in the 
group. 


































4.4.4.6 Importance rating of Building Integrity in comparison to other mandates 
 
Figure 4.16 shows the median importance rating of Building Integrity in comparison to 
Spatial Performance, Acoustic Performance and Visual Performance to be above 50 
indicating more than 50% of the experts rated Building Integrity to be comparatively 
more important. On the other hand, the median importance rating is slightly below 50 
for Building Integrity in comparison to Safety & Security which reflects that more than 
50% of the experts perceived Safety & Security to be still comparatively more 
important.  
 




The observations are supported by the mean importance ratings of Building Integrity 
which generally lies above 50 in comparison to Spatial Performance, Acoustic 
Performance and Visual Performance as shown in Figure 4.17. On the other hand, 
Building Integrity receives a comparatively lower mean importance rating than Safety 
& Security and equal mean importance rating as Indoor Air Quality and Thermal 
Performance. This indicates that the experts generally perceive the importance of 
Building Integrity to be on par with IAQ and Thermal Performance.  Most respondents 
mentioned that although building integrity is important, it is deemed to be adequately 
addressed by the building codes.  However, it is still of paramount importance that the 
building be able to remain structurally sound, stable and free from defects in the long 
run.  



























Six outliers are observed in Figure 4.16 which indicates respondent no. 16 (professional 
from building regulatory body), no. 74 (contactor), no. 79 (contractor), no. 80 
(contractor), no. 82 (C&S engineer) and no. 83 (C&S engineer) had given a 
considerably much higher rating to Building Integrity over Safety & Security in 
comparison to other respondents in the group. 
4.4.4.7 Importance rating of Safety and Security in comparison to other mandates 
 
Figure 4.18 shows that the spread of the six groups of paired comparisons are rather 
similar although the medians do differ. It can be clearly seen that the median 
importance rating of Safety and Security lie at a value that is above 50 for all the six 
groups of paired comparisons. It is also apparent that the bulk of the ratings are 




concentrated at a range from 50-80. This is indication of a comparatively higher 
importance placed on Safety and Security than the other mandates by most of the 
experts.  
 
It is observed from Figure 4.19 that the mean importance ratings of Safety & Security 
in all pair comparisons lie at a value above 50, further reinforcing the point that Safety 
& Security is rated as comparatively more important than the other 6 mandates. 
Although this result is not consistent to the result in the open-ended survey where 
Safety and Security is only ranked in the fourth position, it is in line with earlier 
findings where it has been shown that the greatest agreement among majority of the 
experts was in rating Safety and Security to be comparatively more important than all 
other mandates.  













                 
















4.4.5 Analysis of overall importance of each performance mandate in total building 
performance  
 
In order to determine the relative importance of each performance mandate in total 
building performance, the responses of the experts must be analyzed by examining a 
matrix of importance rating of each mandate across all other ratings of mandates with 
which it was paired.  
 
As such, to determine the overall importance of each mandate in relation to all the other 
mandates in total building performance, the arithmetic average of the importance rating 
of each mandate across all other ratings of mandates with which it was paired must be 




calculated. A matrix which summarized the mean individual pair-wise ratings of each 
mandate in comparison to each of the other six mandates was used to calculate the 
overall importance of each mandate. Based on the overall importance rating of each 
mandate computed, the relative priority of each mandate in total building performance 
can be established.  
 
4.4.5.1 Computation of overall importance rating of each performance mandate 
 
A matrix which tabulates the mean pair-wise importance ratings of each pair of 
performance mandates is shown in Figure 4.20. The overall importance rating of each 
performance mandate is obtained by summing up the individual ratings of that mandate 
in comparison to each of the other six mandates across the rows. 
 
The matrix provides a good overview of the relationships between the performance 
mandates, reflecting the mean comparative importance rating of one mandate to the 
others, as well as the overall importance of each mandate relative to the others. The 
entries tabulated in the 2nd to 8th column constitute the mean importance ratings of the 
62 experts in the pair-wise comparison between the mandate in each row to every other 
mandate from the 2nd to the 8th column. These mean comparative importance ratings 
between each pair of performance mandates have already been analyzed and discussed 











Figure 4.20: Matrix to determine the overall importance rating of each 
performance mandate in an office building 
    
Mean 
Importance 
Ratings T V A IAQ Sp BI SS 
Row 
Score 
T   65 65 49 60 51 40 331 
V 35   50 39 49 43 34 250 
A 35 50   37 51 42 35 251 
IAQ 51 61 63   63 52 42 331 
Sp 40 51 49 37   41 35 253 
BI 50 57 58 49 59   44 316 
SS 60 66 64 58 65 57   370 
 
Where 
T-Thermal performance V-Visual performance SS-Safety and Security 
A-Acoustic performance IAQ-Indoor air quality 
Sp-Spatial performance BI-Building integrity 
   
The last column in the matrix shows the overall importance rating of each performance 
mandate obtained by aggregating the mean pair-wise ratings of that mandate across the 
row. Thus each row score in the last column represents the relative importance of each 
performance mandate in total building performance taking into account its relationship 
with the other six mandates. It is seen from Figure 4.20 that Safety and Security 
obtained the highest row score (370) while Visual Performance obtained the lowest 
score in comparison (250) among all the mandates. 
 
 
Figure 4.21 shows the relative importance of each performance mandate in total 
building performance based on the overall importance rating received. The 




performance mandates are ranked in decreasing order of its overall importance rating. 
As seen in the figure, Safety and Security is ranked in the first position because it 
received the highest overall importance rating. This is followed by Indoor Air Quality 
and Thermal Performance which received the same overall importance rating (331). 
Building Integrity (316) is ranked third followed by Spatial Performance (253), 
Acoustic Performance (251) and in the last position, Visual Performance (250). 
However it is noted that the difference in overall importance rating of Spatial 
Performance, Acoustic Performance and Visual Performance is very marginal.  
 
Based on the overall importance rating, it is indicative that Safety & Security is 
identified by the experts to be the most important performance mandate in relation to 
all the other mandates in total building performance. On the other hand, the least 
emphasis is placed on Visual Performance relative to other mandates. The results are 
rather consistent with previous findings where Safety & Security had been identified to 
receive higher importance rating than other mandates in all pair-wise comparisons. 
Likewise, Visual Performance had also been identified in previous findings to receive 
lower importance rating in the pair-wise comparisons to other mandates generally. 
However, this outcome is not consistent with the result from the open-ended survey 
(Section 4.1) whereby Visual Performance had been identified to be the most important 
mandate in a high performance building with the highest number of mentions along 
with Thermal Performance. 
 
 
Figure 4.21: Overall importance of each performance mandate in total building   
performance 
 



























On the whole, the results shown in Figure 4.21 are not consistent with the results from 
the open-ended survey shown in Figure 4.1 of Section 4.3. In the previous finding from 
the open-ended survey which ranked the performance mandates according to the 
frequency of mentions by the experts, Thermal Performance and Visual Performance 
were ranked in the first position followed very closely by Spatial Performance whereas 
Safety & Security was only in the fourth position.   
 
Although it is identified that there are apparent differences in terms of overall 
importance between the mandates, it is necessary to conduct a statistical test to 
determine which groups are indeed different based on their overall mean ratings. The 
Tukey Kramer multiple comparison procedure is found suitable to be employed here to 
assess which of the overall mean ratings are significantly different. The Tukey Kramer 
procedure enables one to simultaneously examine comparisons between all pairs of 
groups. Through the assessment of the sample means, it is possible to identify 
significant differences in relative priorities placed upon the mandates in their overall 




contribution towards total building performance by the experts. This is useful 
information for the evaluator in the event of conflict in the assessment of the various 
mandates. The evaluator would then be able to a more justified stance in allocating his 
priorities in building assessment. 
 
4.4.5.2 Tukey- Kramer Multiple Comparison Procedure                                                                                                                                                                                  
 
In order to conduct the Tukey-Kramer test, the first step involves computing the 
differences, x j ― x j’ (where j ≠ j’) among all c(c ―1)/2 pairs of means. The critical 
range for the Tukey Kramer procedure is then obtained using Equation 4.3: 















                                   
(Source: Levine et al., 2002) 
Where  
Qu is the upper-tail critical value from a Studentized range distribution having c degrees 
of freedom in the numerator and (n-c) degrees of freedom in the denominator. 
 
MSW is the mean square within 
 
nj is the sample size of group j and n j’ is the sample size of group j’ in comparison 
If the sample sizes differ, a critical range is computed for each pair-wise comparison of 
the sample means. Only one critical range needs to be ascertained if the groups in 
comparison have the same sample size. Each of the c(c ―1)/2 pairs of means is then 
compared against its corresponding critical range. A specific pair is considered 
Eq. 4.3 




significantly different if the absolute difference in the sample means | x j ― x j’| exceeds 
the critical range.  
 
The PHStat2 Multiple-Sample test is used to carry out the Tukey-Kramer procedure in 
Microsoft Excel to identify the mandates that are significantly different in overall 
importance. To apply the Tukey-Kramer procedure to this study, there are 7(7-1)/2 = 21 
possible pair-wise comparisons to be made for the seven mandates. Only one critical 
range has to be ascertained here because the seven groups have equal-sized sample 
which is 90.  
 
Table 4.4 shows the statistics of the Tukey Kramer Procedure. The Tukey-Kramer test 
is conducted at a significance level of 0.05. The values of degrees of freedom shown in 
the table are generated by PHStat2. The Studentized Range Q statistic has to be 
retrieved from Table B2 in Appendix B for α =0.05, c= 7 and n-c = 627 (=∞). So Qu, 
the upper-tail critical value of the test statistic, with 7 degrees of freedom in the 
numerator and ∞ degrees of freedom in the denominator is 4.17. From the statistics 
generated, MSW = 8061.7 and nj = 90, hence the critical range is calculated as follow: 
 












7.806117.4     
         = 39.47 
Hence if the absolute difference between the means of each pair of mandates in 
comparison is > 39.47, it can be concluded that there is a statistically significant 
difference between the means of the two mandates. Otherwise, all other pair-wise 
comparisons are small enough that they may be due to chance (Levine et al., 2002). 




Table 4.4: Statistics for Tukey-Kramer procedure 
 
Mandates Overall mean ratings Sample Size 
Thermal 331 90 
Visual 250 90 
Acoustics 251 90 
IAQ 331 90 
Spatial 253 90 
Building Integrity 316 90 
Safety & Security 370 90 
  
Other Data 
Level of significance 0.05 
Numerator d.f. 7 
Denominator d.f. 623 
MSW 8061.7 
Q Statistic 4.17 
 
4.4.5.3 Results and discussion 
 
The results of the Tukey Kramer Procedure are generated by PHStat2 in Microsoft 
Excel based on the above statistical inputs. Table 4.5 lists the pairs of mandates that are 
identified by the statistical procedure to be significantly different from each other in 








Table 4.5: Pairs of mandates identified to be significantly different in overall 
importance 
 
Performance Mandates Absolute Difference 
 
 




Thermal to Visual 80 
Thermal to Acoustics 79 
Thermal to Spatial 78 
Visual to IAQ 81 
Visual to Building Integrity 65 
Visual to Safety & Security 120 
Acoustics to IAQ 80 
Acoustics to Building Integrity 64 
Acoustics to Safety & Security 118 
IAQ to Spatial 79 
Spatial to Building Integrity 63 
Spatial to Safety & Security 117 
Building Integrity to Safety & 
Security 54 
 






Table 4.5 are significantly different because the absolute difference between their 
overall importance ratings exceeds the critical range of 39.5.  
 
The table shows that Safety & Security is significantly more important than Visual 
Performance, Acoustic Performance, Spatial Performance and Building Integrity in 
total building performance. However it is noted that the disparity in absolute difference 
between Safety & Security and Building Integrity is not very big at 54.  The result 
justifies greater priority to be allocated to Safety & Security performance of the 
building with respect to the other four mandates in total building performance 
evaluation. It also further affirms the findings from previous section (refer to Section 
4.4.4) where Safety & Security has been shown to receive comparatively higher mean 
importance ratings than other mandates.  





It is also seen from the table that Thermal Performance is significantly more important 
than Visual Performance, Acoustic Performance and Spatial Performance in total 
building performance.  The absolute difference between the overall importance rating 
of Thermal Performance and the three mandates are rather large in magnitude. This 
result indicates that greater emphasis is placed on Thermal Performance over Visual 
Performance, Acoustic Performance and Spatial Performance in total building 
performance evaluation. Likewise, it can be concluded from the results that IAQ is 
rated to be significantly more important than Visual Performance, Acoustics 
Performance and Spatial Performance by the experts in a high performance building. 
This signifies that in a high performance building, IAQ would be given a greater 
relative priority over these three mandates.  
 
On the whole, the results indicate that Safety & Security, Thermal Performance and 
IAQ are the three most important performance mandates in a high performance 
building especially with respect to Visual Performance, Acoustic Performance and 
Spatial Performance.  
 
On the other hand, when the overall mean importance ratings of any pairs of mandates 
are not shown to be statistically different, there is insufficient evidence to conclude that 
one mandate is significantly more important than the other in total building 
performance. Table 4. 6 shows the list of pairs of mandates that cannot be concluded by 
the Tukey Kramer results to be significantly different in terms of overall importance in 
total building performance. 
   




Table 4. 6: Pairs of mandates not identified to be significantly different in overall 
importance 
 
Performance Mandates Absolute Difference 
 
 
Thermal to IAQ 0 
Thermal to Building Integrity 15 
Thermal to Safety & Security 39 
Visual to Acoustics 1 
Visual to Spatial 2 
Acoustics to Spatial 1 
IAQ to Building Integrity 15 
IAQ to Safety & Security 39 
 
It has been mentioned that if the absolute difference does not exceed the critical range, 
the pair-wise difference is small enough that the results could have been due to chance. 
However, previous analysis (refer to Section 4.4.2) had shown that the ratings are not 
assigned randomly by the experts and could not have occurred by chance. As such, a 
plausible reason for the inconclusive results is probably because the mandates in 
comparison are perceived to be more or less equal in terms of their relative overall 
importance in total building performance, hence the absolute difference between their 
overall ratings are too small to render them statistically significant. 
 
The Tukey Kramer test had provided a mean of determining significant differences 
between overall importances of certain mandates in total building performance which 
constitute as useful information in building performance evaluation. Although each 
mandate differs in their rank order of relative importance (as shown in Figure 4.21), the 
results of the Tukey Kramer can help to further justify and prioritize emphasis on one 
mandate over another in the event that conflicts occur. This can also aid the decision 
maker in taking the appropriate actions in total building performance evaluation. 
 




4.4.6 Categorization of the performance mandates 
 
Upon closer examination of the results and analyses in the preceding section, it is 
observed that it is possible to group the mandates because certain relationships and 
associations exist among different mandates in terms of their overall level of 
importance. Safety & Security is used as the benchmark against which the rest of the 
performance mandates would be measured in terms of absolute difference and overall 
importance rating because it is apparent that Safety & Security is the most important 
mandate in total building performance.  
 
When the overall importance ratings of the seven mandates and the absolute difference 
between each of the six mandates and Safety & Security are plotted, a pattern can be 
observed in Figure 4.22. The absolute difference for each mandate is computed by 
taking the difference between overall importance rating of that mandate and Safety & 
Security. The figure shows the possible categorization of the performance mandates 









Figure 4.22: Categorization of the performance mandates based on overall 
importance rating and absolute difference  
 

































1st group: Safety & Security 
It is observed from Figure 4.22 that it is possible to categorize the mandates into four 
groups. For a start, it is indisputable that Safety & Security rates as the most important 
mandate in a high performance building based on all the previous results and findings 
shown. Safety & Security is also determined statistically to be significantly more 
important than all the other mandates in total building performance except in 
comparison to Thermal Performance and IAQ. This is probably because these three 
mandates are on the whole deemed very important in a high performance building by 
the experts thus the small absolute difference in overall importance rating.  
 
However, Safety & Security is still ranked in the first position because of a higher 
overall importance rating relative to Thermal Performance and IAQ.  In addition, the 
mean pair-wise ratings (refer to Section 4.4.4.7) also reflected that Safety & Security is 
rated to be comparatively more important than Thermal Performance and IAQ on the 

















individual mandate level although the difference in rating is quite small.  Hence Safety 
& Security belongs to one category on its own and the satisfactory performance of this 
mandate is especially crucial in a high performance building and holds the highest 
priority in total building performance evaluation. 
  
2nd group: Thermal Performance and IAQ 
On the other hand, it is observed that Thermal Performance and IAQ are rated to be the 
next two most important mandates after Safety & Security based on the overall 
importance ratings. It has also been determined in the Tukey Kramer multiple 
comparison procedure that these two mandates are significantly more important than 
other mandates except in comparison to Safety & Security in a high performance 
building.   Figure 4.22 shows that it is possible to categorize Thermal Performance and 
IAQ into a group to be examined together as they are equal in terms of overall 
importance rating and absolute difference from Safety & Security. 
 
The results showed that Thermal Performance and IAQ are perceived to be equally 
important in a high performance building by the experts. This further justifies 
categorizing these two mandates into a group to be examined together on the same 
scale because they share a closely interdependent relationship. New comprehensive 
studies at Technical University of Denmark have demonstrated that perceived indoor 
air quality is strongly influenced by the humidity and the temperature of the air inhaled 
(Fanger, 2000).   
 
3rd group: Building Integrity 




Building Integrity is rated as the next most important mandate after Thermal 
Performance and IAQ when benchmarked against Safety & Security. Figure 4.22 
shows that Building Integrity appear to belong to a category of its own. Although 
Building Integrity is related to Safety & Security in certain aspects, it is perceived to be 
relatively less important probably because it had been taken for granted that Building 
Integrity is already adequately addressed by the codes and regulations. Moreover, 
Safety & Security relates more specifically to the ability of the building to withstand 
terrorist attacks hence it is more appropriate to categorize Safety & Security and 
Building Integrity separately. On the other hand, although results had showed that 
Building Integrity is significantly less important than Safety & Security in its overall 
contribution to total building performance, it appeared to be placed on an equal 
standing with Thermal Performance and IAQ. The Tukey Kramer results had shown 
that it is inconclusive to determine which mandate is more important between Building 
Integrity and Thermal Performance as well as Building Integrity and IAQ. 
 
 However as Building Integrity still received a lower overall importance rating in 
comparison to Thermal Performance and IAQ, it comes after these two mandates. On 
the individual mandate level, Building Integrity is also rated as comparatively less 
important than Thermal Performance and IAQ (refer to Section 4.4.4.6) as reflected by 
the mean pair-wise ratings. Building Integrity in this aspect refers not only to the 
fundamental criteria of withstanding structural stress but also to the durability and 
maintainability of the building in the long run. One probable reason that Building 
Integrity is rated lower does not suggest that it is not important but rather that the 
experts do not require the structural integrity of a building to be assessed in compliance 




to user needs as it is already mandated by relevant building regulations. Thus it seems 
more appropriate to assess Building Integrity as a category of its own. 
 
4th group: Spatial Performance, Visual Performance and Acoustic Performance  
Figure 4.22 showed that it is possible to categorize Spatial, Visual and Acoustic 
Performance into one group as their overall importance ratings and absolute difference 
are very similar in comparison. Benchmarked against Safety & Security which 
commands the topmost priority in a high performance building, it is reflected from the 
Tukey-Kramer results that these three mandates are rated to be significantly less 
important than Safety & Security. The absolute difference between the overall 
importance ratings of the three mandates and Safety and Security are very large in 
magnitude.  
 
 Upon examination of the three mandates within the group, it is observed that the three 
mandates are not found to be significantly different from one another from the Tukey 
Kramer results. Thus this might suggest that the experts had perceived these three 
mandates to be almost equal in their overall importance in terms of the roles undertaken 
in total building performance. Previous results had also shown that (refer to Sections 
4.4.4) that the pair-wise importance ratings of Spatial Performance, Visual Performance 
and Acoustic Performance are comparable to one another on the individual mandate 
level. The results make sense because the spatial design has an influence on the visual 
and acoustic performance in the workplace which justifies the appropriateness of 
grouping these three mandates together. Although the three mandates received the 
lowest rating, it only suggests that the resource provisions for these three mandates can 
be assigned a lower priority once the basic performance requirements had been met. 




Furthermore, it must be reiterated that these three performance mandates are still 
important in a high performance building and must not be neglected in total building 
performance evaluation. 
 
Generally, it has been shown that the performance mandates can be categorized into 
four groups based on overall importance ratings and absolute difference with Safety & 
Security used as the reference point.  
 
It is observed that the experts perceived Safety & Security performance to be extremely 
important in a high performance building which relates their concern to providing the 
occupants and the organizations with a safe and secure workplace. After which, 
Thermal Performance and IAQ are perceived to be the next most important mandates 
and are grouped together probably because they are considered concurrently to ensure 
good building performance in terms of providing a comfortable and healthy 
environment to the users. Building Integrity is considered very important as well and 
relates the experts’ concerns to providing a structural sound and maintainable building 
in the long run. But as this mandate is perceived by the experts to be adequately 
addressed by building codes and that existing buildings are deemed to be satisfactory in 
this aspect, it receives a relatively lower priority in total building performance. Spatial 
Performance, Visual Performance and Acoustic Performance are also important 
although they are considered after the other mandates have been addressed. They are 
grouped together most probably because they are jointly considered in fulfilling the 
functional needs of the building and in facilitating a satisfactory environment for 
carrying out of tasks and other individual concerns. On the whole, the groupings make 
sense and shows that the experts are rational and consistent in assigning their ratings. 




4.5 Data Analysis of Survey Results from Ratings of Basic Attributes and Features 
 
4.5.1 Analysis of ratings of basic attributes and features 
  
The Visual Analog Scale (VAS) consisted of a 100-mm line with the end points starting 
from ‘not important’ and ‘very important’ for basic attributes within every performance 
mandate. For the features of each performance mandate, the end points were marked 
‘not desirable’ and ‘very desirable’ instead. The respondents were asked to make a 
mark on the line that represented their judgment of how important a basic attribute is or 
how desirable a feature is in a high performance building. After which, the VAS score 
determined by the distance from the end point to the mark on the line was measured 
and recorded. The mean VAS scores of the basic attributes and features within the 
respective performance mandates are computed and the descriptive statistics of each 
attribute and feature are examined.  
 
The means, standard deviations, maximum and minimum VAS scores associated with 
each basic attribute and feature of the seven performance mandates are presented in 
Table 4.7 and Table 4. 8. In this analysis, a VAS score of 50 is taken to be the cut-off 
point beyond which an attribute or feature is considered to be important or desirable.  
As shown in Table 4.7, it is observed that the mean ratings of the basic attributes within 
the seven mandates are on the whole considered high (with VAS score exceeding 60) 
indicating that the experts perceive these attributes to be important indicators in the 
assessment of building performance. Likewise, it is also observed from Table 4. 8 that 
the mean VAS score for the features generally lie above the 50 mark except for two, 
namely piped in music (50) and robotic inspection system (48). It can be inferred that 




the experts appear to rate most of the features as desirable in their contribution towards 
the performance of the respective mandates.  
Table 4.7: Rating of Basic Attributes relevant to each performance mandate 
BASIC ATTRIBUTES MEAN STD DEV MAX MIN 
Thermal Performance 
Air Temperature 82 14 100 27 
Relative Humidity 77 16 100 0 
Mean Radiant Temperature 69 19 100 8 
Air Velocity 66 19 100 8 
Visual Performance 
Illuminance level 83 13 100 47 
Daylight factor 68 23 100 0 
Daylight Glare Index 76 17 100 16 
Colour Rendering Index 63 21 100 7 
View to outside 69 22 100 0 
Acoustic Performance 
Background noise level 76 17 100 25 
Speech privacy 80 15 100 20 
Speech intelligibility 75 18 100 15 
Sound insulation quality 80 14 100 34 
Problem of echo 76 21 100 7 
Perceivable vibration 71 20 100 7 
Indoor Air Quality 
Ventilation rate 81 17 100 4 
Amount of air pollutants 86 13 100 23 
Air exchange effectiveness 84 14 100 25 
Odour in office 85 11 100 53 
Air temperature 84 12 100 34 
Relative humidity 78 15 100 28 
Compartmentalization of pollution sources 81 16 100 18 
Spatial Performance 
Design Efficiency 79 16 100 24 
Way-finding performance 77 18 100 22 
Occupancy density 77 15 100 26 
Proximity performance 75 15 100 18 
Vertical integration 70 21 100 13 
Provision for disabled 73 21 100 8 
Building Integrity 
Structural stability 89 13 100 38 
Building Envelope integrity 86 14 100 30 
Interior system integrity 79 17 100 17 
Water-tightness of windows & external wall 
joint 87 13 100 40 
Building maintainability 85 15 100 30 




Safety and Security 
Fire integrity 91 11 100 46 
Escape time 90 12 100 42 
Emergency evacuation plan 88 14 100 42 
Utility provisions & protections during 
emergency 85 15 100 34 
Design for control of ingress & egress 83 15 100 43 
Security measures after normal operating 
hours 84 15 100 45 
 
Table 4. 8: Rating of Features relevant to each performance mandate 
FEATURES MEAN STD DEV MAX MIN 
Thermal Performance 
Zonal Control 77 16 100 28 
VAV with individual control 75 19 100 15 
Sensor control (body heat +movement) 58 27 100 7 
Visual Performance 
Task lighting with individual control 71 23 100 0 
Zonal control 71 19 100 10 
Occupancy sensor 60 26 100 4 
Time Switches 61 25 100 0 
Integrated day-lighting control 69 20 100 16 
Day-lighting systems 63 22 100 0 
Sun-shading features on façade 78 19 100 10 
Sky-rise greening 71 22 100 9 
Glazing technologies 73 20 100 0 
Automated window blinds for glare control 62 26 100 8 
Acoustic Performance 
Sound masking system 62 22 100 0 
Quality of PA system 66 23 100 0 
Piped-in music system 50 25 100 0 
Indoor Air Quality 
Operable windows 60 26 100 4 
CO2 sensors to control fresh air intake 73 20 100 19 
Air flushing system 72 21 100 10 
Personalized ventilation system 62 25 100 8 
Displacement ventilation system 58 22 100 6 
Biohazard control using UV rays 58 24 100 12 
High performance filtration system 68 22 100 11 
Designated & compartmented smoking area 74 27 100 0 
Centralized waste & vacuum cleaning 
system 62 23 100 15 
Spatial Performance 
Flexibility in workplace transfiguration 76 21 100 8 
Availability of social meeting area 76 18 100 8 




Shared facilities 68 20 97 8 
Raised floor system 60 26 100 3 
Building Integrity 
Leakage detection system 68 24 100 10 
Robotic inspection system 48 24 98 0 
Safety and Security 
In-building repeater system 74 21 100 11 
Personal safety / evacuation kits 70 24 100 0 
Air-quality detection system for bio-
chemical protection 70 23 100 2 
Alarm activation system 83 18 100 10 
Intruder sensors 70 22 100 3 
 
However, it is noteworthy to observe that the standard deviations of the VAS scores are 
in general rather high. This can perhaps be explained by the extreme difference in 
ratings as reflected by the maximum and minimum VAS scores. As expected, it is not 
possible for the experts to have total agreement on the importance and the desirability 
of the basic attributes and features respectively thus resulting in the great standard 
deviations. In view of this, the survey data is carefully scrutinized for ratings that fall 
outside the 95% confidence interval. 
 
 Upon further examination, it is discovered that the number of experts who rated the 
basic attributes and features as considerably very different from the others in the group 
i.e. their ratings fall outside the 95% confidence interval, is still considered small, 
comprising less than 10% of the sample at the very most. It is the occurrence of these 
few outliers that caused the great diversity in the standard deviations and since the 
outliers only constitutes a very small percentage (less than 10%), the survey results are 
still considered reliable. Notably, the dispersion in ratings varies for different attributes 
and features which implied that the experts had differing opinions on different 
attributes and features. The differences are most probably attributed to their professions 
and experiences. However, observation of the data revealed that there is still good 




consensus and consistency among majority of the experts in their ratings of these basic 
attributes and features. 
 
While a VAS score of 50 and above for a basic attribute or feature may be considered 
to be important or desirable in its contribution towards the respective performance 
mandates, it is insufficient to conclude that they are indeed important or desirable 
solely based on the mean rating value alone. The attributes and features have to be 
proven statistically as being important or desirable in their contribution towards total 
building performance to justify their inclusion in the assessment framework. The one 
sample T-test is appropriate in this case to statistically determine the attributes and 
features that are considered significantly important or desirable by the experts. Those 
that are not can then be excluded in order to further streamline the assessment 
framework.  
 
In using the one sample T-test, it is usually assumed that the dependent variable is 
normally distributed. As such, prior to conducting the one sample T-test, the normality 
in the distributions of basic attributes and features have to be checked. 
 
4.5.2 Test for normality in the distributions of basic attributes and features 
 
The normality in the distribution of each attribute and feature is checked with a Q-Q 
plot. If majority of the plotted values fall around the line, it is indicative that the data 
are from a normal distribution.  It was found that the plotted values of most basic 
attributes and features fall approximately around the line, implying that the data comes 
from a normal distribution. As there are too many variables, it would be too repetitive 




to present all the Q-Q plots in this report. Hence, only an example of one such Q-Q plot 
generated from SPSS is shown in Figure 4. 23 below.  
Figure 4. 23: Example of a Q-Q Plot generated from SPSS 
 

























Alternatively, the ratio of skewness to its standard error can also be used to test the 
symmetry of the distribution. Skewness is used to describe asymmetry in a random 
variable’s probability distribution, which is also a test for normal distribution.  
 
For univariate data Y1, Y2,..., YN, the formula for skewness is:  
 





























Y is the mean 
 s is the standard deviation 
N is the number of data points 
 
 The skewness value for a normal distribution is zero, and any symmetric data should 
have a skewness value close to zero. For the variables to follow a normal distribution, 
the skewness ratio should be more than –2 or less than +2. Negative values for 
skewness indicate data that are skewed left and positive values for skewness indicate 
data that are skewed right. By “skewed left”, it is meant that the left tail is heavier than 
the right tail. Similarly, “skewed right” means that the right tail is heavier than the left 
tail.    
 
It is observed that the skewness ratios of all except three variables fall between –2 and 
+2 (refer to Table C1 in Appendix C). The only three variables that do not conform to a 
normal distribution are: relative humidity under thermal performance, escape time and 
alarm activation system. The skewness ratio of these three variable are (-2.18), (-2.16) 
and (-2.21) respectively. However it is observed that the skewness ratios of these three 
variables are only slightly smaller than –2 which imply that the distributions of these 
three variables do not differ greatly from that of a normal distribution.  In view of this, 
the one sample T- test is applicable for this study. 
 
4.5.3 One Sample T- test 
 
The one sample t-test was carried out for all the basic attributes and features under their 
corresponding performance mandates to compare their VAS scores with the midpoint 




of 50. This is the cut-off point beyond which any basic attribute or feature is considered 
to be important or desirable respectively by the experts. The test value used in the one-
tailed t-test was 50.  
 
4.5.3.1 Computation of test statistic 
 
The hypothesis is stated as follow: 
 
Null hypothesis (H0): µ is equal to 50  
Alternative hypothesis (H1): µ is greater than 50   
 
Level of significance: 5% 
Degree of freedom: 89 
Critical region: If p<0.05, reject Ho. 
                    If p>0.05, do not reject Ho. 
 
If the significance p is less than 0.05, then it can be concluded that the sample means of 
each basic attribute or feature is significantly greater than the midpoint of 50. This 
meant that the basic attribute or feature is considered to be significantly important or 
desirable as rated by the experts. 
 
4.5.3.2 Results of the one sample t test 
 
It is observed that all basic attributes of the seven performance mandates are 
significantly different from the test value of 50 as the significance of the attributes is 




less than 0.05 (refer to Table C2 in Appendix C). Thus, the null hypothesis (H0) is 
rejected and it is concluded that all the basic attributes are significantly important. 
 
However, the same cannot be said of the features. From the results of the one sample T-
test (refer to Table C2 in Appendix C), it is observed that for two out of all the features 
tested, there is no significant difference from the test value of 50. The p- value of these 
two features is greater than 0.05 hence Ho cannot be rejected. These two features are 
namely piped-in music system of Acoustics Performance (p-value= 0.44) and robotic 
inspection system of Building Integrity (p-value= 0.17). These are the two features 
singled out by the one sample t-test that cannot be considered to be significantly 
desirable by the experts. In the previous section (refer to Section 4.5.1), these two 
features had also been singled out to have a mean rating that is less than 50 implying 
that they are not considered as desirable by the experts. This observation has been 
statistically proven in this section by the one sample t test.  
4.5.4 Analysis of the top basic attributes and features 
 
4.5.4.1 Analysis of top basic attribute and feature within each performance mandate 
 
As all the basic attributes within the seven mandates had been found to be significantly 
important, they would be included in the assessment framework as key performance 
indicators in the later stage. On the other hand, piped-in music system and robotic 
inspection system would be taken out of the list of features as they are not identified to 
be significantly desirable by the experts. Based on the list of existing basic attributes 
and features, the top basic attribute and feature within each performance mandate is 




identified in accordance to the highest computed mean rating. The top basic attributes 
and features within each performance mandate are presented in Table 4.9.  
Table 4.9: Top basic attributes and features identified within each performance 
mandate 
 
Top Basic Attribute Top Feature Performance 
Mandate 
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As seen from the table, air temperature received the highest mean importance rating 
(82) in comparison to the other attributes within the mandate Thermal Performance. 
This outcome is not unexpected because air temperature has always been the key 
indicator of thermal performance of the indoor environment as it is the most directly 
felt element as compared to the rest of the attributes. Temperature largely determines a 
person’s general feeling of hot or cold and office workers had often reported that 




temperature fluctuations tend to be more irritating than conditions that are consistently 
cold or hot (Aronoff and Kaplan, 1995). This aptly reflects that people are generally 
more sensitive to changes in air temperature.  
 
As different people have different perception on the level of thermal comfort, it is no 
wonder that zonal control is considered as a desirable feature in the building by the 
experts. In order to deliver conditions that are more closely tailored to the needs of the 
individuals, zonal control whereby the supply air temperature is adjusted by sensors 
located in the area that the system serves can help to improve thermal comfort.   
 
The top basic attribute within Visual Performance is illuminance level with a mean 
importance rating of 83 and this makes sense because adequate lighting for visibility 
and carrying out of tasks is the predominant indicator of visual comfort in the office 
setting. If there is insufficient illuminance and conduction of tasks is impaired, it would 
cause major dissatisfaction among the occupants even if other lighting criteria are 
fulfilled thus this explains why illuminance is rated the most important. 
 
 In order to alleviate the problem of glare in the workplace, passive design of the 
envelope in the form of sun-shading features on the façade is considered very desirable 
to enhance the visual performance of the workplace. On the exterior, sun-shading 
features can also form part of the architectural design and enhance the aesthetics of the 
appearance of the building on the whole.  
 
It is not surprising to note that both speech privacy and sound insulation quality are 
considered the most important attributes of Acoustic Performance in the modern 




workplace with a same mean rating of 80. It has been shown that poor speech privacy 
can reduce worker motivation, interfere with concentration and may even compromise 
the security of meetings or confidential discussions (Salter et al., 2003). Hence the 
importance of speech privacy in the office building cannot be underestimated. On the 
other hand, sound insulation quality of the office refers to the efficiency in isolation and 
blockage of unwanted noise sources and has a direct impact on provision for speech 
privacy. This is probably why these two attributes are given the highest importance 
rating for its contribution to Acoustic Performance of a building. 
 
A Public Address (PA) system of good quality is also considered to be the most 
desirable feature in the building that can serve to enhance the acoustic performance of 
the workplace. In the event of emergencies especially, a good PA system which allows 
announcements to be made coherently and clearly without interference is certainly a 
crucial feature in the building. 
 
Design efficiency is rated to be the most important attribute of Spatial Performance of a 
building which is probably not unexpected as the usable area in the building is often 
used as a yardstick of spatial efficiency. An optimal space design is deemed as one that 
optimize the usage of space efficiently in the building and where office buildings are 
concerned, the economic factor also comes into play. Spatial performance in this sense 
is also dependent on the net rentable area in the client’s point of view and it is 
understandable that the experts rated design efficiency as the most important indicator. 
Taking the dynamic nature of modern workplace into consideration, flexibility in 
workplace transfiguration is deemed very desirable to accommodate the changing needs 
and requirements of the various tenants. In addition, the availability of social meeting 




area in the building helps to facilitate an environment that is conducive for mingling 
and other social activities which is also deemed desirable.  
 
The amount of air pollutants has been identified to be the most important attribute of 
Indoor Air Quality in a workplace by the experts. This is not surprising as pollutants in 
buildings can increase the risk of illness, asthmas and allergies. They can be generated 
by maintenance chemicals and processes, new office furnishing and finishes, office 
machines, outdoor air, and office activities. Poor maintenance and excessive moisture 
can also lead to an increase in moulds and allergens. Many chemicals are irritating to 
the occupants; others may be suspected carcinogens and some can produce 
unacceptable odours. The presence of unacceptable level of pollutants in the building 
could also be attributed to poor ventilation in some cases. 
  
On the other hand, it is quite interesting to note that a designated and 
compartmentalized smoking area is considered the most highly desired feature to 
enhance the indoor air quality in an office building. In Singapore, smoking is not 
allowed in air-conditioned buildings as mandated by law but many people still find 
means and ways to smoke at more secluded areas in the building such as the stairways 
or even the toilets. This phenomenon can bring about air quality problems because 
these areas are not designated for smoking in the first place. Hence if there is a 
designated area provided for smoking that is well compartmentalized from the rest of 
the building, it might prevent the infiltration of this source of pollution from entering 
the occupied zones of the office. 
 




The structural stability of the building is without doubt the most important attribute of 
Building Integrity at a mean rating of 89. The ability of the building to withstand the 
structural load and stresses over the building’s lifespan is of utmost importance as it 
concerns the safety of the occupants. In addition to this, the emphasis on the structural 
stability of the building in the event of terrorist attacks is reinforced in the aftermath of 
the 911 attacks made on the World Trade Centre.  Leakage detection system, on the 
other hand, has been identified as the most desirable feature with a VAS of 68 to 
enhance Building Integrity in a building. This type of system is useful for enabling 
plant and equipment to be monitored for leakage to avoid hazard to the occupants and 
damage to the environment as well as office property. 
 
It is apparent from Table 4.9 that fire integrity is rated to be the most important 
attributes of Safety & Security performance of the building at mean rating of 91. Fire 
integrity here refers not only to the ability of the building to withstand fire as a result of 
accidents or arson but also on a larger scale against fire caused by attacks. The building 
must be able to withstand the fire caused by sudden blast attacks and be able to hold out 
sufficiently so that the occupants have time to escape. The lesson from the collapse of 
World Trade Centre in the 911 terrorist attack where the steel structure of the building 
was unable to withstand the immense heat caused by the sudden explosion has 
increased the awareness of the building community in this aspect. In order to give real 
time warning to occupants instantaneously at the time of emergencies and intrusion, an 
efficient alarm activation system is highly desired to enhance the safety and security 
performance of the building as rated by the experts. This would alert the occupants so 
that they can be prepared to evacuate the building in time of emergencies.   
 




Generally, it is observed that the standard deviations of the top basic attributes and 
features within each mandate are comparatively smaller than that of the other variables 
within the corresponding mandate. Hence the variability of the ratings is not that great, 
i.e. in other words, the distribution of ratings for the top attributes and features is not 
overly diverse and dispersed, indicating a good degree of consensus in the experts’ 
judgments for placing the highest priority on these parameters. 
  
4.5.4.2 Analysis of top ten basic attributes and features among all the performance 
mandates  
 
The preceding discussion only focused on the top attribute and feature within each 
performance mandate. It would also be informative and interesting to identify the top 
attributes and features among all the performance mandates. Based on the computed 
mean ratings, the top ten basic attributes were sieved out, as seen in Table 4.10.  
Table 4.10: Top Ten Attributes and Features identified among all seven 
performance mandates 
 






Fire integrity 91 Safety & Security 
Escape time 90 Safety & Security 
Structural stability 89 Building Integrity 
Emergency evacuation plan 88 Safety & Security 
Water-tightness of windows & external wall 
joint 
87 Building Integrity 
Building envelope integrity 86 Building Integrity 
Amount of air pollutants 86 IAQ Performance 
Odour in office 85 IAQ Performance 
Building Maintainability 85 Building Integrity 
Utility provisions & protections during 
emergency 
85 Safety & Security 










Alarm activation system 83 Safety & Security 
Sun-shading features on façade 78 Visual 
Performance Zonal Control (for thermal performance) 77 Thermal 
Performance Flexibility in workplace transfiguration 76 Spatial  
Performance Availability of social meeting area 76 Spatial 
VAV with individual control 75 Thermal 
Performance Designated & compartmented smoking area 74 IAQ Performance 
In-building repeater system 74 Safety & Security 
CO2 sensors to control fresh air intake 73 IAQ Performance 
Glazing Technologies 73 Visual 
 
Almost half of the top ten basic attributes singled out are categorized under the Safety 
& Security performance mandate, indicating a strong concern and need for proper 
precautions in the case of a disaster. These five attributes are fire integrity (91), escape 
time (90), emergency evacuation plan (88) and utility provisions & protections during 
emergency (85). Likewise for the list of top ten features, survey respondents found the 
alarm activation system (83) and in-building repeater system (74) for the purpose of 
safety and security in a building most desirable. The increasing concern for safety & 
security is not unfounded, especially with heightened building security and continued 
awareness of safety issues creating a raised level of anxiety in most people.  
 
Of the top ten basic attributes, three of them fall under the category of Building 
Integrity as reflected in Table 4.10. The attributes are, namely, structural stability (89), 
water-tightness of windows & external wall joint (87), building envelope integrity (86) 
and building maintainability (85) respectively, in descending order of mean importance 
ratings. The emphasis on building integrity is expected. The question of upgrading 
current building codes in the face of the World Trade Center (WTC) collapse has 
touched off a debate in the design, construction, and real estate communities that will 




impact facility management operations across the country. As such, the results from 
this survey have amply demonstrated this increased awareness of the structural 
performance of our built environment.  
 
The other two basic attributes from the top-ten list are related to the Indoor Air Quality 
(IAQ) Performance. With reference to Table 4.10, it is observed that the survey 
respondents perceived amount of air pollutants (86) and odour in the office (85) to be 
the two most important factors in IAQ performance, indicating the severe need for 
pollutant-free and odour-free work environment. On the other hand, under the list of the 
top ten features, two of which fall under the category of IAQ performance mandate. 
These two features are designated & compartmented smoking area (74) and CO2 
sensors to control fresh air intake (73). The desirability for these two features in a 
building further reiterates the need for clean air that is free from pollutants and smell 
and yet at the same time does not compromise with the habits of some of the occupants. 
In addition, CO2 sensors are desired as they are used to maintain an acceptable level of 
carbon dioxide in the office by increasing the fresh air intake only when necessary and 
so help to reduce energy consumption.  
 
Although the basic attributes of Thermal Performance, Spatial Performance and Visual 
Performance did not come up under the top ten basic attribute list (See Table 4.10), 
survey respondents expressed the desirability of some of these features under the top 
ten features list. Under the Spatial Performance Mandate, the respondents found 
flexibility in workplace transfiguration (76) and availability of social meeting area most 
desirable. On the other hand, survey respondents found zonal control (77) and VAV 
with individual control (75) to be the two most desirable features under Thermal 




Performance Mandate. The two Visual Performance features that came up under the top 
ten features list are sun-shading features on façade (78) and glazing technologies (73).  
 
It is noted that neither attribute nor feature under the respective top ten lists is related to 
Acoustics Performance Mandate. This implies that most building professionals 
generally place less emphasis on acoustical performance in an office building. As 
discussed, this might be because in comparison to other performance mandates, 
acoustics performance is perceived to play a smaller role in total building performance. 
However as emphasized previously, it must be reiterated that acoustic performance of a 
building must still be within acceptable level. Otherwise this would become a source of 
problem and one of major concern in building performance assessment if annoyances 
and complaints are invoked. 
4.6 Cross-comparison of results from open-ended survey, pair-wise comparisons 
of mandates and individual ratings of attributes and features 
 
The results showed that in the content analysis of the responses from the open-ended 
interview, Thermal Performance and Visual Performance were the most frequently 
mentioned concepts in a high performance building at an equal percentage of mentions. 
This was followed by Spatial Performance, Indoor Air Quality, Safety and Security, 
Building Integrity and then Acoustic Performance. The frequency of mentions was used 
as an indicator of the importance of a performance mandate in a high performance 
building. Although Thermal Performance, Visual Performance and Spatial Performance 
were ranked in the first and second place respectively, their frequency of mentions 
differs very marginally, at 19% and 16% correspondingly. As such, the results indicate 
that these three mandates are considered to be the more important factors in a high 
performance building. 




Although there was little agreement among the experts in their overall individual pair-
wise ratings of the performance mandates with a low coefficient of agreement u=0.12, 
the results of the test of significance showed that the ratings could not have occurred by 
chance. Hence this indicate that there is still a degree of consensus among the experts 
as they did not assign the ratings randomly. Further analysis showed that there is 
significant agreement on the overall importance of certain mandates over another in 
total building performance. The results of the Tukey Kramer test showed that the 
overall importance ratings between certain pairs of performance mandates are 
significantly different, indicating that there is reason to conclude that one performance 
mandate is significantly more important than another in total building performance.  
 
The results showed that Safety & Security is without doubt the most important 
performance mandate with respect to the other mandates in its contribution towards 
total building performance. This is followed by Thermal Performance, Indoor Air 
Quality, Building Integrity, Spatial Performance, Acoustic Performance and lastly 
Visual Performance. These results are not completely consistent with the results 
obtained from the content analysis where Thermal Performance and Visual 
Performance were ranked the first. Safety & Security was only ranked number four on 
the list.  
 
On the contrary, Safety & Security is ranked number one and Visual Performance is 
placed the last on the list in terms of its relative importance in a high performance 
building based on the results of the pair-wise comparisons. The inconsistencies in both 
sets of results might be attributed to the professional backgrounds of the experts.  
However, when they are made to compare the different performance mandates in a 




pair-wise manner, the priorities they would then assign would have a higher degree of 
objectivity. 
 
The importance and desirability of the basic attributes and features within each 
performance mandate are also examined and the top basic attribute and feature within 
each performance mandate are identified and discussed. One sample t test was also 
conducted to sieve out the attributes and features that are not rated significantly 
important or desirable so that they may be excluded. The results revealed almost 50% 
of the top basic attributes and features among the performance mandates are 
categorized under Safety & Security. This further affirms that Safety & Security is very 





In this chapter, the survey data obtained were analyzed and the results presented. 
Survey responses obtained from the experts through an open-ended interview were 
subjected to content analysis. The results showed that the survey responses fit aptly into 
the seven mandates adopted in the study and the frequency of mentions of the various 
responses were tabulated and analyzed. Survey data were also collated from the second 
section of the survey where the experts are asked to rate the importance of all the 
performance mandates in a pair-wise manner. The pair-wise importance ratings of the 
performance mandates were computed from the Visual Analog Scale (VAS) and 
subjected to analysis to determine the degree of agreement among the experts. The 
overall importance of each performance mandate with respect to the others in total 
building performance was also derived and differences between the mandates analyzed. 




Importance ratings of the basic attributes and desirability ratings of the features within 
the seven mandates were collated from the last section of the survey. The distributions 
of the data were tested for normality before carrying out the One Sample T-test to 
identify the attributes and features that are significant.




CHAPTER 5 DEVELOPMENT AND APPLICATIONS OF THE 






This chapter presents the developmental process of the proposed TBP assessment 
framework that is applicable to the tropical context. The framework is developed for 
the proposed evaluation of existing office buildings using the pertinent performance 
mandates identified in the previous chapter. The research processes in which weights 
are generated and score assignment made for the TBP assessment framework are also 
discussed. 
 
The proposed TBP assessment system would be able to provide a clear distinction 
between a high performing building from an average performing building with 
reliability and consistency. The TBP score derived aims to facilitate the classification 
of office buildings based on their level of performance in accordance to the framework 
adopted in this study. In addition, the assessment had to be limited to the number of key 
factors that had been identified as being important in measuring total building 
performance.  
 
The approach adopted accommodates both quantitative and qualitative performance 
criteria. Quantitative assessment criteria can be readily evaluated on the basis of “the 
better the performance, the more points are awarded” and the qualitative criteria is 
evaluated partially on the “feature specific basis” (Cole, 1998). The quantification 
should make use of well established and widely accepted methods. Furthermore, the 




assessment criteria should be set at levels such that they are achievable with the aid of 
equipment and methods currently available.   
5.2 Methodology for the development of the TBP assessment model 
 
Figure 5.1 below gives an outline on the methodology adopted in the developmental 
process of the proposed TBP assessment framework.  
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The first stage involves the identification of attributes that are rated as significantly 
important and features that are rated as significantly desirable by the experts. 
Descriptions and definitions of the various attributes and features are also provided. 
These salient attributes and features included in the framework served as performance 
indicators of the respective performance mandates. Next, criteria of the basic attributes 
and features within each mandate have to be identified in order to facilitate assessment 
of their performance. After which a method to score the attributes and features is 
proposed which would lead to the derivation of the TBP score. Lastly, the proposed 
TBP assessment framework to assess office buildings is shown. 
 
5.3 Identification of basic attributes and features for assessment 
 
Basic attributes and features that had been identified to be statistically significant in 
terms of importance or desirability level are included in the assessment framework 
whereas those that are not are omitted. Performance of these significant attributes and 
features have to be evaluated  
 
The basic attributes are a set of leading indicators that can be used to evaluate the 
performance of each mandate. The objective is to measure how good or bad a building 
is along these set of dimensions identified by the experts. These selected attributes 
constitute the salient parameters that experts would measure in the process of 
evaluating building performance given time and resource constraints. Measuring the 
performance of these selected basic attributes served to draw conclusion on the overall 
performance of each particular mandate. For example, in order to assess the visual 
performance of an office building, basic attributes such as illuminance level, daylight 
glare index would have to be measured and evaluated accordingly. The basic attributes 




are the fundamental parameters that have the most direct impact on building 
performance and it is thus critical that acceptable performance of these attributes be 
achieved in order to attain satisfactory total building performance score.  
 
Besides the basic attributes, the proposed TBP assessment framework could be further 
complemented with the inclusion of performance related features to construct a more 
robust and comprehensive assessment system. Although in a performance based 
assessment system, the evaluation should be performance based and as quantitative as 
possible, it is nevertheless beneficial to include features whose contribution to building 
performance can be appreciated but not easily quantified.  
 
The list of all the basic attributes and features included in the assessment framework 
with brief descriptions of them are shown in Table D1 in Appendix D.  
 
5.4 Identification of criteria for basic attributes and features 
 
In order to evaluate the performance of the attributes and features, criteria on which to 
measure their performance have to be identified. The performance criteria are the 
metrics against which performance should be measured and evaluated for compliance 
to goals, functional objectives and performance requirements. The performance criteria 
set the acceptability range and assessment has to be conducted to determine whether the 
performance does in fact fall within the acceptability range. These criteria are integral 
to a performance based system. 
 
The criteria for each attribute are identified through requirements specified by national-
international codes, standards, regulations, guidelines, norms etc and relevant literature. 




Although it is desirable to assess performance of the attributes based on quantitative 
criteria, not all attributes can be measured in the quantifiable manner. As such, 
qualitative criteria are also identified for attributes whose performance cannot be easily 
quantified. Quantitative attributes can be easily assessed by conducting objective 
measurements and evaluating their measured values against known benchmarks. 
Attributes with qualitative criteria have to be assessed by a panel of expert evaluators 
and the process involved subjective interpretation. 
 
The following sections outlined the identification of performance criteria for evaluating 
the attributes within each performance mandate. This forms the basis upon which to 
construct the assessment framework. As the information involved in the identification 
of performance criteria is massive, summarized versions are presented in the following 
sections for each attribute. Additional information is given in Appendix E. 
 
5.4.1 Safety and Security 
 
 
Safety and Security has been rated the most important performance mandate in an 
office building survey by local experts. It is necessary to establish a minimum 
acceptable level of protection for an office building to be able to determine an 
acceptable risk. The level of threat a building faces establishes the level of protection 
required. As the anticipated threat from intrusion or possible terrorist attacks differs in 
terms of magnitude for different office buildings, the protection level required for each 
building would correspondingly vary.  
 




Assessment of the performance of various attributes within this mandate will indicate 
the level of protection offered by the building under evaluation. This determines the 
performance of the building in terms of safety and security offered to the occupants. 
However it would be beneficial to be able to estimate the severity of damage expected 
under different threats based on the existing level of protection offered. The building 
owner or principal tenant will then be able to decide upon the amount of risk they are 
willing to accept and consider whether they want to improve the degree of protection. 
 
A matrix (refer to Figure 5.2) can be constructed of performance groups, performance 
levels (protection levels), and performance criteria (tactics) to give criteria users a 
simple visual representation of the damage to be expected for different magnitudes of 
anticipated threats and for the four protection levels (BICE, 2003). 










(Source: BICE, 2003) 
 
 
5.4.1.1 Fire Integrity 
 
Fire integrity of the building is rated as a very important attribute when it comes to 
safety and security of the building. In addition to complying with the local fire code and 
regulations (Code of Practice on Fire Precautions in Buildings, 2002), this attribute also 
refers to the ability of the building to withstand blast effects from deliberately placed 
bombs. The building exterior is the first real defence against the effects of bombs and 
thus the way the façade responds will significantly affect the behavior of the structure 
and the safety of the occupants (CETS, 1988). Likewise, emphasis must be placed on 
glazing systems to mitigate danger to the occupants resulting from the hazardous debris 
of the shattered glass in the event of explosions. Laminated glass is a good option and 
another possibility is to apply fragment-retention film on existing glazings. In addition, 
security zoning should be carried out and extended to include all building service areas 
and circulation systems to prevent the spread of spillover of fire, blast or other effects 
of hostile activities (CETS, 1988).  
 
5.4.1.2 Escape Time 
 
 
This attribute is very crucial in determining the evacuation performance of the building 
in assuring that the occupants can escape from the building safely. The local Code of 
Practice on Fire Precautions in Buildings (2002) specified the requirements to be met in 
facilitating the means of escape in the building although the escape time is not stated. 
The British Standard Code of Practice (CP3: Chapter IV: Part 3: 1968) stated that the 




maximum permissible distance from any point on an upper storey to any exit door from 
the storey is 46m which corresponds with an escape time of 2.5min at a mean walking 
speed of 0.3m/s or a delay of about 1.5min from the sounding of an alarm and a 
walking speed of 0.8m/s. The minimum requirement for escape time in buildings could 
probably be estimated based on the travel distance provided in the local context. 
 
In addition, building signages are necessary to facilitate effective evacuation of all 
occupants including those with special needs. The adequacy of escape routes with 
appropriate travel distances for safe evacuation is also crucial. In addition, the legibility 
of the egress route is also important in assuring the safety of occupants in the building 
(Notake et.al, 2001).  
 
5.4.1.3 Emergency evacuation plan 
 
 
An emergency evacuation plan is essential for the protection of the occupants in the 
building. Appropriate fire safety management program and occupant emergency 
program must be worked out for each building (Chow et al., 2002). The emergency 
operation plan should address several issues in four basic areas: Direction and Control, 
Communication, Alerts and Warnings as well as Evacuation and Closure (The RENAL 
network, Inc,1996). 
 
In addition to this, the number of fire drills carried out every year (Chow et. al, 2002) is 
also an indicator of the emergency preparedness of the building. Evacuation drills 
should be performed at least once and preferably twice per year (Witherspoon Security 
Consulting).  Regular drills should be carried out especially to train occupants to avoid 
congestion during emergencies as many tragedies had occurred in such conditions due 




to stampede, crushing and trampling (Kupta and Yadav, 2004). In all, having a well-
developed emergency operations plan can potentially return enormous dividends in 
terms of lives saved and suffering averted. 
 
5.4.1.4 Design for ingress and egress control 
 
 
The first line of physical protection for buildings is to establish a secure degree of 
perimeter control and ensure the integrity of the perimeter defence. Site access points 
are perhaps the most important component of the perimeter security systems and thus 
must address a variety of requirements (CETS, 1988). This can be achieved via several 
means such as the control of vehicular access and proper screening procedures as well 
as enforcing standoff distances from possible targets.  In addition, ingress and egress 
into the building can be monitored via security checks, having controlled entry and exit 
points etc.  
 
5.4.1.5 Utility provisions during emergency 
 
 
First and foremost, provision of back up services for electrical power, communications 
and water to ensure continued operations of critical functions in times of emergencies is 
very important (CETS, 1988). In addition to this, connections to the outside water 
supply as well as mechanical and electrical sources of supply should be located in a 
secure area of the building and not be made accessible to unauthorized personnel. To 
prevent sabotage, all building service equipment should also be located in a secure area 
of the building.  
 
 




5.4.2 Thermal Performance 
 
 
The four performance indicators: air temperature, relative humidity, mean radiant 
temperature and air velocity of Thermal Performance are important attributes which 
affect thermal comfort as perceived by the occupants. Although there are codes of 
practices and guidelines recommending performance criteria for acceptable thermal 
conditions in indoor environment, it does not guarantee 100% thermal acceptability 
from the occupants even if all the criteria are met. This is attributed to the subjective 
nature of thermal comfort. As such, it is very difficult to define the range of conditions 
that will be found comfortable by everyone.   
 
In order to express a single parameter for thermal comfort status in indoor environment, 
the Predicted Percentage Dissatisfied (PPD) index is used as it provided a way to 
evaluate any thermally controlled environment. The PPD index establishes a 
quantitative prediction of the number of thermally dissatisfied people under a given set 
of thermal conditions (ISO 7730, 1994). The calculation of PPD captures four 
environmental variables which include operative temperature (weighted sum of air and 
mean radiant temperature), mean air velocity and relative humidity coupled with two 
personal variables comprising of clothing factor and activity rate. In this way, PPD 
incorporates the four fundamental attributes identified by the experts and gives an 
indirect measure of satisfaction of thermal comfort perceived in the building. A 
building with a lower percentage of dissatisfied people can thus be said to have better 
thermal performance than another which has a larger percentage of dissatisfied people.   
 




As studies have shown that even under “optimal” thermal conditions, PPD would be 
non-zero (Mahdavi et. al, 1996), it is assumed that thermal comfort requirements for an 
indoor space are fulfilled if no more than 20% of the occupants are dissatisfied with the 
thermal conditions in the environment (ASHRAE,1992). In addition, although 
ASHRAE and ISO standards require less than 15% dissatisfied, local codes and 
practices allow higher space temperature and relative humidity for thermal comfort 
condition in indoor space (Sekhar et. al, 1998). Consequently, 20% dissatisfied can be 
used as the limit above which significant discomfort can set in.  
 
5.4.3 Indoor Air Quality 
 
Indoor air quality (IAQ) has been increasingly gaining attention in office buildings due 
to its adverse effect on human health with the emergence of the Sick Buildings’ 
Syndrome. Although temperature and relative humidity affect people’s perception of 
indoor air quality in the space, these two attributes had already been included under 
Thermal Performance. In order to avoid repetitive assessment and computation of 




Odour in office buildings is the most important attribute that affects perception of IAQ 
as rated by the experts. Odours usually arise as a result of pollution sources present in 
the interior space thus indirectly affecting the perceived air quality of the space. In 
order to assess the perceived air quality, guidelines established in EEC Report No. 11 
are followed. As such, perceived air quality may be expressed as the percentage of 




dissatisfied, i.e. those persons who perceive the air to be unacceptable just after 
entering a space.  
 
For air polluted by human bioeffluents, Figure 5.3 below shows the percentage of 
dissatisfied as a function of the ventilation rate per standard person (average sedentary 
adult office worker feeling thermally neutral).  The pollution generated by such a 
standard person is one olf. The strength of most pollution sources indoors may be 
expressed as person equivalents, i.e. the number of standard persons (olfs) required to 
make the air as annoying (causing equally many dissatisfied as the actual pollution 
source) (EEC Report No. 11, 1992). 





(Source: EEC Report no. 11,1992) 




The percentage dissatisfied corresponding to the minimum ventilation requirement of 
3.6 l/(s person) established by local ENV guidelines can be estimated from the curve 
using the equation provided for q ≥0.32l/s.olf as follow:  
 
                                    PD = 395 · exp (-1.83·q 0.25)  
         = 32.1% 
The result of the calculation shows that the estimated percentage dissatisfied based on 
the specified ventilation rate is approximately 30%. Hence this value can be set as the 
minimum threshold in the assessment of odour in the building. 
 
5.4.3.2 Amount of air pollutants 
 
The amount of pollutants in the office environment also has a strong impact on IAQ 
performance as it can have an adverse effect on the health of the occupants. The indoor 
pollutants are categorized into seven types identified in the local ENV Indoor Air 
Quality guidelines. They are namely 1) carbon dioxide, 2) carbon monoxide, 3) 
formaldehyde, 4) TVOCs, 5) fungi, 6) total bacteria count and 7) suspended particulate 
matter.  The acceptable level of each type of pollutant is given in Table 5.1adopted 
from the local guidelines. The descriptions and threshold levels of each type of 
pollutant are also discussed briefly as follow. 
Table 5.1: Guideline value established by the Ministry of Environment, Singapore 
(ENV, 1996) 
Indoor Air Pollutants Acceptable Level 
Carbon dioxide 1000ppm 








Total Bacteria count 500CFU/m3 
Particulate matter 150µg/m3 
 
 
Carbon dioxide (CO2) 
 
Local ENV guidelines (ENV, 1996) state acceptable level of indoor CO2 concentration 
to be 1000ppm. Aronoff and Kaplan (1995) also mentioned that current practice is to 
design and operate office for a maximum concentration of 1000ppm although 
concentrations found in office air are generally less than 800ppm. A lower level of 500-
600ppm is sometimes recommended (Aronoff and Kaplan, 1995) although maintaining 
such low concentrations may require high rates of ventilation that create uncomfortable 
drafts or are economically impractical. In addition, CR1752 recommends that if 
sedentary occupants are assumed to be the only source of pollution, the CO2 
concentration above the outdoor level corresponding to the three categories of indoor 
environment is A(high level of expectation):460ppm, B(medium level of 
expectation):660ppm and C(moderate level of expectation):1190ppm. 
 
Carbon Monoxide (CO) 
 
Carbon Monoxide is particularly dangerous because it is colourless, odourless and 
tasteless. Local guidelines specified that the concentration of CO in office premises not 
to exceed 9ppm. It is best to keep the level as low as possible because long term 
exposure might cause discomfort symptoms despite these concentrations being well 
below lethal level and deemed to be safe exposure.  
 
Formaldehyde 
Formaldehyde is a colourless gas that is toxic and can be lethal at high concentrations.  
A variety of acute and persistent illness symptoms have been associated with even low 




level exposure to formaldehyde in indoor air (Aronoff and Kaplan, 1995). It has been 
found that low concentrations (0.1-5ppm) can cause skin rash as well as irritation of the 
eyes and upper respiratory tract (Gajendran, 1998). As such, regulatory bodies have 
generally set the permissible level of formaldehyde at between 0.05 and 0.1 ppm in 
offices. Local guidelines have set the acceptable level at 0.1ppm although it is best to 
keep the level as low as possible due to the impact it has on health. 
 
Total Volatile Organic Compounds 
TVOC (total VOC measurement) serves as an indicator of the total mass concentration 
of VOCs present in the indoor air sample (Aronoff and Kaplan, 1995). Current research 
indicates that at TVOC level less than about 0.2mg/m3, occupants should not 
experience irritation or discomfort (Aronoff and Kaplan, 1995). In addition, it is also 
reported that a concentration of TVOCs at less than 200µg/m3 is still within the comfort 
range (ASHRAE, 1996) and local guidelines state that the value of TVOCs should not 
exceed 3ppm to be within the acceptable range.  
 
Fungi and Bacteria count 
Bacteria and fungi (yeast and mould) are two common microorganisms that are studied 
in IAQ audits.  Threshold values for them are set at 500CFU/m3 by the local guidelines. 
Literature has suggested that a value less than 50CFU/m3 is safe and values exceeding 
1000CFU/m3 as high for microorganisms (Vishwanathan et.al, 1998). 
 
Particulate matter 
For measurement purpose, particles sizes of less than 10 microns are considered 
respirable, i.e. will be inhaled. The Japanese mandatory indoor environmental limit is 
150µg/m3 and current research show that in general office environment, respirable mass 




concentrations should be limited to 50µg/m3 or less (Aronoff and Kaplan, 1995). 
However the local guidelines set the acceptable level of particulate matter to be at 
150µg/m3. 
 
Despite specifications of minimum acceptable levels for each type of pollutants by the 
guidelines, all contaminant levels should be kept as low as possible because the high 
number of contaminants and long term, low level exposure can create discomfort and 
IAQ related symptoms (National Research Council Canada, 2003). 
 
5.4.3.3 Air exchange effectiveness 
 
The assessment of air exchange effectiveness (AEE) is important because it provides 
information about the ability of the air distribution system to deliver ventilation air to 
the building, zone or space.  There are three AEE parameters involved, namely AEEG  , 
AEEOL and AEElocal..  
 
When there is a uniform distribution of air over the office air space, the local air 
exchange effectiveness (AEElocal) is 1. A value significantly less than 1 indicates a non 
uniform distribution of air over office air space and a value greater than 1 suggests that 
a degree of plug or displacement flow is present (Cheong et. al., 1999).  
 
Likewise, (AEEOL) > 1 is indicative of a displacement flow pattern. On the other hand, 
(AEEG) < 1 indicates that short-circuiting is present. The maximum possible value of 
(AEEG) is 2 for a perfect displacement flow achievable by piston flow (Sekhar et.al, 
2002) although it is very difficult. On the contrary, there are no theoretical upper limits 




for the other two AEE parameters. Local studies are now being conducted on personal 
ventilation systems and they may pave the way for achieving higher air exchange 
effectiveness than the piston flow strategy. 
 
 
5.4.3.4 Compartmentalization of pollutants 
 
 
Compartmentalization of pollution sources plays an important role in ensuring 
acceptable indoor air quality in office buildings. Acceptable performance depends on 
how well the pollution sources are isolated away from the main occupied areas in the 
office. Outdoor contaminants can be prevented from entering the building by ensuring 
that doors, windows and air intakes are located away from contaminant sources 
(National Research Council Canada, 1995). Office machinery and appliances can be 
isolated by direct exhausting. Spaces from building contaminants can also be isolated 
with well-sealing doors and windows and with direct exhaust systems and dedicated 
ventilation systems in the contaminated areas. This will help prevent contaminants from 
re-circulating within the building (National Research Council Canada, 2003). 
 
 
5.4.3.5 Ventilation Rate 
 
 
Ventilation rate is the amount of fresh air supplied into the building for the occupants 
and it is specified as the amount of outdoor air in l/s per person for different types of 
spaces but in some situations, it might be specified as l/s per m2. A provision of 3.6 l/(s 
person) is required under local ENV guidelines whereas AHSRAE requires a higher 
provision at 10 l/(s person) in office spaces.  
 




Figure 5. 4 shows a comparison between the various standards available.  The NKB 
guideline (1991) specifies as a basic value 0.7l/s/m2 and an additional 0.35l/s per 
person for sedentary activity but the total level must never be lower than 7l/s per person 
in non smoking spaces and 20l/s per person in spaces where smoking is not allowed 
(Olesen and Seelen, 1993). 
Figure 5. 4: Comparison of required ventilation rates specified in different 
standards and guidelines 
 
 
(Source: Olesen and Seelen, 1993) 
 
 
5.4.4 Building Integrity 
 
5.4.4.1 Structural stability 
 
Structural stability is without doubt a very important factor affecting the integrity of the 
building and compliance to the local building code and regulation will ensure a 
minimum standard of performance level.  However special emphasis should also be 
placed on the assessment of the vulnerability of the building to progressive collapse. It 




may be assumed, until proven by condition survey, that distressed areas in structures as 
exhibited by cracking, settlement, broken windows, jammed doors and openings would 
be susceptible to structural damage from a hostile attack (Building Research Board, 
1988). Hence it is assumed that the higher the occurrences of such defects, the poorer 
the performance of the building in this aspect.  
 
5.4.4.2 Water-tightness of window and external wall joints 
 
Generally, the most important performance criterion of a window is its resistance to 
water penetration. Any water penetration through window systems is unacceptable 
(Kelly et. al, 1996). The condensation performance of the windows must also be 
considered concurrently with the water-tightness performance. Condensation affects the 
thermal performance of a window by lowering its thermal capacity and can also result 
in water damage to interior surfaces and materials. As air infiltration through the 
window contributes as a source of moisture into the interior space, all windows on the 
building envelope shall not exceed the air leakage rates specified in SS212-
Specification for Aluminium Alloy Windows (BCA.2004). 
 
5.4.4.3 Building envelope integrity 
 
 
The exterior walls and roof are multilayered components comprised of an exterior 
cladding, insulation, air/vapor barrier and interior finish integrated with the structural 
support. Working as an envelope system, the control of these components is important 
to provide desired interior conditions, minimize deterioration of the building materials 
and maintain integrity of the structure (Aronoff and Kaplan, 1995). Adequate 




connections should be provided from the building envelope to the structural frame so 
that load can be transferred from the façade members to the structural frame (CETS, 
1988). In addition, the ability of the exterior cladding to shed water is also an important 
function as moisture accumulation can hasten the deterioration of building components 
and reduce building performance. The insulation performance of the building envelope 
is another concern and better workmanship will also boost insulation performance 
(Kaplan and Aronoff, 1995). As such, the quality of workmanship in laying the 
insulation membrane may be assessed using the local CONQUAS score. 
 
5.4.4.4 Building maintainability 
 
 
Building maintenance is important to ensure that the building is preserved in a 
condition in which it continues to fulfill its function and maintain its economic life as 
opposed to obsolescence. Without proper day to day maintenance, a building can 
deteriorate and suffer from dwindling performance. Proper maintenance inclusive of 
both preventive and predictive maintenance is one of the cornerstones of a high 
performance building and must not be neglected. 
 
To assess the maintainability of a building, a number of criteria can be observed (Goh, 
1998): 
(a) Access must cater for maintenance 
(b) Such access must be safe 
(c) Dismantling must be straightforward 
(d) It must be easy to fit the new parts 
(e) Reassembly must be straightforward 




(f) Ease of cleaning 
In addition, the shape of the building has a direct impact on the ease of maintenance of 
the building. If the building has a lot of grooves/recesses or uneven surface, it will be 
more difficult to reach and maintain these areas.  
 
5.4.4.5 Interior Integrity 
 
 
In the event of sudden explosions or other emergencies, non-structural building 
components such as piping, ducts etc. must be sufficiently anchored to prevent failure 
of services and ensure that they do not become falling debris (BICE, 2003). In order to 
mitigate the effects of shock due primarily to entry of blast pressures through damaged 
windows, these non-structural systems should be located below raised floors where 
possible or tied to ceiling slabs with appropriate restraints (FEMA, 1994).  
 
5.4.5 Spatial Performance 
 
5.4.5.1 Design efficiency 
 
 
Design efficiency is rated the most important attribute affecting spatial performance of 
a building by the experts. This is not unexpected as the amount of usable floor space 
has a significant impact on cost. The dimensions and overall floor shape (preferably 
rectilinear) as well as the location of the core and its geometry impact on the effective 
internal usable space (Muir, 2003). The amount of effective floor space taken up by 
columns and depth of window sills will also affect the usability of the net lettable floor 
space and thus represent real dollars lost depending on the amount of usable space lost 
(Muir, 2003).  









(Source: Muir, 2003) 
Thus the higher the percentage result, the more efficiently the real space is being used. 
 
5.4.5.2 Occupancy Density 
 
 
Density is the objective measure of people per unit area and thus refers to the space 
requirements in the workplace. There are two measures of density: spatial and social 
(National Research Council Canada, 2003). High density of either type is unsatisfactory 
and both should be considered in the spatial evaluation of an office. Many studies have 
found that as density increases, environmental satisfaction decreases (National 
Research Council Canada, 2003). Spatial density can be estimated by using the 
following formula to calculate the net area per employee in square metres which 








(Source: Muir, 2003) 
 
Usable floor space (m2) 
Net lettable area (m2) 
X 100% 
Design 
Efficiency      = 
Workpoints (m2) 
No. of employees 
X 100% 
Spatial 
Density         = 




This calculation measures the total area occupied by the workpoints (enclosed offices 
and workstations) and divides it by the number of employees. This should not be below 
4 m2 to be efficient and includes tertiary circulation space (Muir, 2003).  
On the other hand, social density refers to the number of people who occupy the same 
space. This can occur in a large office with many people in many cubicles or in a small 
office divided into two or more cubicles.  
 
In addition, the space requirements within the workplace itself are dependent on the 
type of staff engaged in the organization. Three categories of staff may be identified 
and they are namely the professional core, contractual fringe and the flexible labour 
force (Leaman, 1993). They have different space requirements and Figure 5.5 gives an 
indication of the space required for traditional workstation and shared areas for the 
three staff categories.  
Figure 5.5: Space requirements for the professional core, contractual fringe and 
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5.4.5.3 Way-finding performance 
 
 
Way-finding performance of the building is important so that users can maneuver 
themselves within the building with ease and not lose their way in the process which 
can be frustrating as well as time-consuming.  It is desirable for the building to cater to 
the needs of different user groups as they have differing knowledge of the environment 
setting. However it is not always possible to satisfy the needs of every user, thus 
assessment of way-finding performance may have to be made based on the satisfaction 
of the major user population or groups with special needs.  
 
Weisman (1981) had developed four classes of environmental variables thought to 
influence way-finding: a) visual access to familiar cues or landmarks within or exterior 
to the building; b) the degree of architectural differentiation between different areas of 
a building that can aid recall and orientation; c) the use of signs and room numbers to 
provide identification or directional information and d) plan configuration which can 
influence the ease with which one can comprehend the overall layout of the building. 
Of these variables, a number of studies suggest that the complexity of floor plan 
configuration is a primary influence on way-finding performance (O’Neill, 1991). 
Levine (1974) suggested that symmetrical forms are deemed less complex and easier 
for people to understand and use because they contain redundant information (O’Neill, 








5.4.5.4 Proximity Performance 
 
 
Proximity performance of the building is dependent on the adjacency relationships 
among the different spaces in the workspace (Allen, 1997). Jobs that require integrated 
work with others will benefit from being located close to other team members, 
supervisors or equipment (National Research Council Canada, 2003). To assess the 
proximity performance of the building, an adjacency matrix can be used as a tool to 
systematically evaluate the relationships between the different rooms and areas in the 
office. However with the automation of offices, emphasis can be focused on clustering 
work activities that require similar background environments, services and equipment 
(Aronoff and Kaplan, 1995) Collaborative work spaces can be situated in areas with 
compatible activities so that organizations can maximize the productivity of their office 
workforce by offering them a choice of settings.  
 
5.4.5.5 Vertical integration 
 
 
Vertical integration in the building refers to the integration of the various elements of 
circulation within the building with respect to the lifts, escalators, stairs and corridors. 
Effective and efficient integration is necessary for satisfactory spatial performance. The 
overall planning of the lift systems is especially important as most office buildings are 
high rise and hence utilize the elevator system predominantly. Judicious placement of 
elevators can minimize corridor length, direct distracting circulation away from work 
areas and optimize occupants’ vertical travel between floors (Aronoff and Kaplan, 
1995).  




5.4.5.6 Provision for the disabled 
 
 
An accessible environment should be provided in a building so that people with 
disabilities are not unduly excluded from using it. In Singapore, the legal requirements 
to provide facilities and amenities in buildings to meet the reasonable needs of the 
physically disabled are specified in Code on Barrier-Free Accessibility in Buildings 
(1995). Compliance to the code ensures a minimum standard of performance level in 
this aspect. In addition to this, special requirements might be provided for disabled 
users in the building.  
 
5.4.6 Visual Performance 
 
5.4.6.1 Illuminance level 
 
 
Illuminance level is a very important attribute as it is usually one of the most major 
concern of occupants that lighting must be sufficient everywhere in the office.. The 
local lighting guidelines provided by CP38:1999 specified a requirement of 350-500 
Lux for task area. For circulation or common area, 100-200 Lux is recommended. A 
study conducted by Saunders (1969) showed that increasing the illuminance on the 
plane of the desk increases the perceived quality of the lighting until it saturates at 
about 800 Lux (refer to Figure 5.6). It is observed that illuminances below 200 Lux was 
considered poor but increased illuminances produced opinions of increased quality 
following a law of diminishing returns. This study is based on the assessment of 
lighting obtained in an office lit uniformly by a regular array of luminaries.  
 




Figure 5.6: Mean assessments of the quality of lighting obtained in an office lit 
uniformly by a regular array of luminaries 
 
 
(Source: Boyce, 1981) 
 
 
Sundstrom (1986) had also demonstrated that added illumination produces 
improvements in performance which become smaller with each increment in light. 
However it is important to note that excessive illumination may cause discomfort and 
reduce the performance of the worker (Odemis, 1997) 
 
 
5.4.6.2 Daylight glare index  
 
There is no doubt that sun glare exists and can cause severe disability or discomfort. 
However people have generally been shown to be more tolerant of glare from daylight 
than artificial light, not least among the reasons for this is the benefit of a view out 
(Wilson). This observation might not be true in Singapore because the local occupants 




do not seem to like daylight very much and the blinds are always observed to be drawn, 
citing glare to be the problem. The Daylight glare index (DGI) derived from the Cornell 
Formula serves to give an objective evaluation of discomfort glare resulting from 
daylight and is a prerequisite for user comfort in modern buildings with innovative 
daylighting systems (Nazzal, 1998).  The limiting DGI for an office might be set at 22 
although sometimes as low as 16 is quoted (Wilson). 
 
5.4.6.3 Daylight factor 
 
 
Studies have shown (Markus, 1967) that office workers preferred to work by daylight. 
In the survey conducted with the experts, most also agreed that daylight is very much 
preferred but problem of glare is often associated with the provision of daylight. 
Daylight factor affects the apparent brightness of the room. Table 5.2 gives some 
guidelines figures.  
Table 5.2: Room appearance and average daylight factor: values associated with 
rooms in temperate climates 
 
Average Daylight factor 
5% or more The room has a bright daylit appearance. 
 Daytime electric lighting is usually 
unnecessary 
  
 High levels of daylight may be associated 
with thermal problems 
  
2-5% The room has a daylit appearance but 
electric lighting is usually necessary in 
working interiors. Its purposes are: 
 -to enhance illuminances on surfaces distant 
from windows 
 -to reduce contrast with the view outside 
Below 2% Electric lighting is necessary and appears 
dominant. Windows may provide an exterior 
view but give only local lighting. 
 
(Source: Tregenza, 1998) 




5.4.6.4 Colour Rendering Index (CRI) 
 
The ability to see colours properly in the workplace is dependent on the colour 
rendition of the light sources. In order to provide an objective indication of the colour 
rendering properties of a light source, the general colour rendering index Ra is used 
(CIBSE, 2002). A scale of 0 to 100 defines the CRI. The maximum value of CRI is 100 
and this number decreases with diminishing colour-rendering quality. A higher CRI 
means better color rendering, or less color shift. CRIs in the range of 75-100 are 
considered excellent, while 65-75 are good. The range of 55-65 is fair, and 0-55 is poor 
(EPA, 1995). However lamps with a colour rendering index lower than 80 should not 
be used in interiors where people work or stay for longer period of time (CIBSE, 2002).  
 
5.4.6.5 View to outside 
 
 
People have consistently expressed strong preferences to windows in order to get a 
view to outside (Veitch et. al., 1993). In some European countries such as Germany, 
this preference is believed to be a fundamental human need, and is required by law. 
However in Singapore, there are no requirements specifying the provision of a view to 
outside for the occupants in the office building thus it is not unusual to find windowless 
offices here. Despite this, experts interviewed have expressed that a view to outside is 
rather important as it helps to make the occupants feel connected to the outside world 
and allow their eyes to rest by focusing on the infinite distance. Hence it would be an 
added incentive if the occupants have access to view to outside. The criterion for this 
attribute is dependent on the percentage of occupants in the workplace that has a view 
to outside and it would be the best if 100% of the occupants have access to view to 
outside. 




5.4.7 Acoustics Performance 
 
5.4.7.1 Speech Privacy 
 
Speech privacy in the workplace is important as it affects employees’ privacy needs 
and organizational effectiveness. The Speech Privacy Predictor (SPP) based on 
research by Cavanaugh, Farrell, Hirtle and Watters (Salter et al., 2003) is used to assess 
the performance of speech privacy in the office. It was found that the ratio of intruding 
speech to the ambient background noise in the office was the best predictor of 
satisfaction with speech privacy. The SPP method calculates the sound excess to 
predict the level of speech privacy acceptability of an office space and Cavanaugh has 
demonstrated a good statistical fit between ratings of sound excess and levels of 
reported satisfaction (Salter et al, 2003). Speech privacy satisfaction can be plotted as a 
function of the single number sound excess rating as illustrated in Figure 5.7(Salter et 
al, 2003). 
Figure 5.7: Levels of Speech Privacy Acceptability    
 
                         
 




(Source: Salter et.al., 2003) 
 
 
5.4.7.2 Sound Insulation Quality 
 
 
Sound insulation quality is assessed by the Sound Transmission Class (STC) which is a 
measure of sound transmission loss and indicates how loud the transmitted sound 
would seem to a listener.  Sound insulation quality of the office space is mainly 
determined by the STC of the wall which rates the ability of a wall to block the 
transmission through it and into an adjacent space. The higher the STC, the less sound 
will travel through into the neighbouring workstation. Most office partitions have STC 
values of between 15 and 25. In comparison, full height walls have STC values 
between 30 and 50 (National Research Council Canada, 2003).  Consultation with a 
local acoustic expert revealed that for acceptable performance, a minimum STC of 35 is 
required for the internal partitions.  
 
 
5.4.7.3 Speech Intelligibility 
 
 
Speech intelligibility is an important measure of the effectiveness or adequacy of a 
communication system or the ability of people to communicate in noisy environments 
(Lower, 2000). The most widely used physical measure is the Speech Interference 
Level or SIL. However, a more recent measure is the Speech Transmission Index (STI), 
usually implemented in a simplified version known as 'RASTI' - Rapid Speech 
Transmission Index (Lower, 2000). This RASTI method takes both the effects of 
background noise as well as that of reverberation on intelligibility into account. A 
RASTI value can range from 0 to 1. Generally a RASTI value above 0.75 is regarded as 




excellent, 0.6 to 0.75 as good, 0.45 to 0.6 as fair, 0.3 to 0.45 as poor, and below 0.3 as 
unsatisfactory. However these values can only serve as a guideline (Lower, 2000). 
 
 
5.4.7.4 Background Noise Level 
 
 
Background noise level appropriate for a specific office will depend on the activities 
carried out. A sound level of 35 dBA will be appropriate for closed offices whereas 
higher levels of background noise can be tolerated in open plan area so a noise level of 
45dBA is considered acceptable (Aronoff and Kaplan, 1995). A recommended limit of 
35dBA for steady state background noise in private offices and conference rooms and a 
limit of 50dBA in open-plan office are stated in the CBE (Centre for the Built 
Environment) report. In addition, figures quoted from Bennett (1977) stated that the 
approximate maxima for auditory comfort in general offices is 55dBA and that for 
private office is 40 dBA (Pheasant, 1987). Although the background noise should be 
kept at a low level, it is also undesirable if the office space becomes too quiet and the 
insertion of additional noise called sound masking might then be required. 
 
 
5.4.7.5 Problem of echo 
 
 
An echo is defined as a repeated signal that gives one the impression of coming from 
somewhere other than the position of the true source (Cremer and Muller,1982). 
Whether a reflection will become an echo or not depends on its delay with respect to 
the direct sound, on its relative strength, on the nature of the sound signal and on the 
presence of other reflections which eventually mask the reflection under consideration 
(Kuttruff, 1979).  
 




The noise level that masks an echo may be produced by the same signal that generates 
the echo because this signal can excite so many closely spaced reflections that the echo 
does not stand out among them (Cremer and Muller, 1982). This is usually the case in 
closed rooms. Erroneous localizations and reflections which are audible as echoes will 
occur in special situations as for example when most of the room boundaries except for 
a few remote portions of the wall, are lined with an absorbent materials. Or when 
certain portions of the walls are concavely curved and hence produce reflections of 
more than average intensity (Kuttruff, 1979).  
 
Table 5.3 summarized the analogue results obtained for different speaking rates and 
reverberation of the listening rooms in an experiment carried out by Haas using 
continuous speech as a primary sound signal.  
Table 5.3: Critical Echo Delays at Equal Levels of Direct Sounds and Reflection 
 
Reverberation time of 
listening room (seconds) 
Speaking rate (syllables/s) Critical delay time 
(milliseconds) 
0 5.3 43 
0.8 5.3 68 
1.6 5.3 78 
0.8 3.5 93 
0.8 5.3 68 
0.8 7.4 41 
 
(Source: Kutruff, 1979) 
 
5.4.7.6 Perceivable Vibration 
 
 
In the office setting, the major sources of vibration are motors, fans or compressors. 
These building systems generate considerable noise and vibration which are readily 
conducted through the building structure, plumbing or ventilation systems (Aronoff and 




Kaplan, 1995). External source could be the vehicular traffic from the roads outside but 
this is not applicable in the higher stories. As the ventilation of air-conditioning system 
can be a source or a means of transmitting noise which can cause annoyance, CR 1752 
had specified that the following three aspects should be considered in the acoustic 
evaluation: 
a) equipment and aerodynamic noise 
b) airborne noise from the outdoor environment through ventilation system or 
equipment 
c) noise from other spaces transmitted by the ventilation system or equipment 
 
The desired category of acoustic environment with respect to the protection against 
noise generated or transmitted by the ventilation system is shown in Table 5.4 below 
with requirements pertaining only to offices extracted from CR 1752. The requirements 
should be satisfied for all three aspects of noise listed above. The three categories in the 
table correspond to A: high level of expectation, B: medium level of expectation and C: 
moderate level of expectation.   
 
Table 5.4: Permissible A-weighted sound pressure level generated and/or 
transmitted by the ventilation or air-conditioning system in different types of 
space for three categories 
 
Category dB(A) Type of 
building 
Type of space 
A B C 
Small offices 30 35 40 
Conference 
rooms 
30 35 40 
Landscaped 
offices 
35 40 45 
Office 
Office cubicles 35 40 45 
 
(Source: CEN report CR 1752, 1998) 
 
 







The category of features to be included in the framework comprises of user controls 
(e.g. zonal controls), building controls (e.g. intruder sensors), passive design features 
(e.g. sun-shading devices) and also other items that can aid in enhancing the 
performance of the building. Although it is beyond the scope of this study to identify 
the performance criteria of the features presently, it is desirable to ascertain the criteria 
upon which to evaluate their performance in the same way as the basic attributes in 
future.  
5.5 Proposed scoring system 
 
 
The various performance criteria identified and their respective attributes discussed in 
the preceding Section provide the basis upon which a performance evaluation system 
may be developed. To accurately ascertain the objective performance of each attribute 
in a building, a system of protocols must be derived to accurately assess the actual 
performance against a set of established or recommended benchmarks. This is further 
complicated by the fact that building performance as a whole involves a large array of 
systems and subsystems with tangible and intangible performance functions and 
characteristics. They have different levels of performance meeting different needs, and 
may not be assessed by the same platform and yardstick.  
 
Massheder at al, 1998 has proposed that a combination of multiple matrices may be 
used to develop a single index to provide a simplified performance report.  CIB, 1982 
(Rush, 1989) has also stated that it can be helpful to use numerical methods to combine 
separate performances into a single index of overall worth or quality. These methods 




usually involve factoring or “weighting” the individual performances and converge to 
give a combined score using a simple scale (Rush, 1989). The method need not be rigid 
and may incorporate preference weightings expressed by individual clients, group of 
users, a particular city or region (Rush, 1989).  
 
Taking the above into consideration, a framework for scoring building performance has 
been proposed as shown in Figure 5.8. This figure shows the various processes 
involved in the derivation of various relevant scores.  
 










First, the individual score of the various attributes and features must be derived based 
on the actual measured or assessed values. The measured and assessed values 
ascertained using objective measure and subjective judgment respectively are compared 
against their respective performance benchmarks identified, and scored appropriately. 
Weight of individual attributes and features are derived based on the results obtained 
from the experts’ survey. The individual weight is derived according to the relative 
importance or desirability of the attributes and features respectively.  
 
After the measurements and assessments are made at the attributes level, weighted 
scores of the attributes and features are computed by adding the weighted individual 
























These are the individual performance mandate scores for the performance attributes and 
features respectively.  
 
Similarly, at the mandates level, the relative importance of each mandate determined 
from the experts survey are used to generate a system of weights accorded to the seven 
performance mandates.. Lastly, the weighted performance indices of all the seven 
mandates are aggregated to derive the TBP score. 
 
In the identification of criteria for assessing various attributes and features, it is should 
be noted that the criteria may be quantitative or non-quantitative. For each attribute, 
there are a number of minimum requirements which must be met. Relevant literatures 
have also provided the maximum values or optimum values for certain attributes, 
beyond which may lead to diminishing increment in performance.  
 
In order to measure the performance of attributes and features in the evaluated building, 
a method to score them is required. The method proposed to measure the performance 
of basic attributes and features is different and will be discussed separately.  
 
5.6 Measuring the performance of Basic Attributes 
 
 
As the criteria which contribute to the measure of each attribute may be quantitative or 
non-quantitative, it is desirable to adopt a standard measuring system which can deal 
with both quantitative and non-quantitative criteria. In developing this process, some 
assumptions are made. 
 




5.6.1 Derivation of the proposed scoring function 
 
 
It is assumed that the performance range of an attribute can be described using a 
symmetrical bell-shaped curve (Refer to Figure 5.9). As the performance level of an 
attribute increases progressively along the curve, the score assigned to the attribute 
should also increase correspondingly. However after an optimum point is reached, 
diminishing increment in performance level starts to set in progressively down the 
curve, so the score assigned should also decrease correspondingly. 
 
It is observed that the performance range of some attributes only follow the left side of 
the curve, increasing from the lowest (worst) level progressively to an acceptable level 
and then to the maximum achievable level. Some examples of such attributes include 
indoor air pollutants, thermal comfort using PPD index etc. On the other hand, the 
performance range of some attributes follow the entire curve, increasing from the 
lowest level progressively to an acceptable level and then to an optimum level where 
the best performance is achieved. Beyond the optimum level, the performance of the 
attributes starts to decrease progressively down the right side of the curve as it becomes 
more and more unsatisfactory albeit still within tolerable range until a limit is reached. 
Performance beyond the tolerable limit renders the attribute unacceptable because it 
causes great discomfort. Some examples of such attributes include illuminance level, 



























To simplify things, the quadratic curve as shown in Figure 5.9 is used to generate the 
score achieved by the various attributes according to the respective level of 
performance. The Y-axis represents the range of performance score achievable by a 
attribute. The X-axis represents the coordinates of thresholds and benchmarks 
identified for the performance criteria. The peak or maximum point on the curve is set 
to be (0,100) where 0 is the x-coordinate corresponding to the optimum/maximum 
value and 100 is the y-coordinate corresponding to the maximum score achievable. The 
two roots of the quadratic curve are set to be -10 and 10 along the x-axis to facilitate 
easy calculation. These two coordinates corresponds to the extreme limits of a 
performance criteria of an attribute. In view of the assumptions made, the quadratic 
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Yp is the y-coordinate and the score of the pth attribute 
 
Xp is the x-coordinate of the measured value of the pth attribute 
 
  
As the characteristic performance of the various attributes differs significantly, the 
performance of the attribute may be measured along different segments of the curve 




Acceptable performance range (Lp – Up) 
 
For each attribute, there is a minimum threshold of performance that has to be met in 
order to achieve minimum acceptable performance. A score of 50 is recommended to 
be awarded to attributes that has met this threshold value. For y=50 which corresponds 
to the score achieved for meeting the minimum acceptable value specified, the x-
coordinate using equation 5.1 is calculated to be approximately -7 or 7 rounded off to 
the nearest whole number. Hence x= -7 is taken as the coordinate that corresponds to 
the minimum acceptable value. The segment of curve from this point to x=0 
(optimum/maximum value) represents a progressive increase in performance with 
corresponding increase in the score achieved. For attributes whose measured values fall 
within this acceptable range bound by the minimum and maximum/optimum values, the 
performance measured along this segment of the curve is assumed to increase 
progressively from the minimum acceptable value (x= -7) to the maximum/optimum 
value (x= 0) and so are the corresponding scores from 50 to 100.  




Under-performance Range (EUp – Lp) 
On the other hand, when the measured value of the attribute does not meet the 
minimum acceptable value, the performance is assumed to decrease progressively 
along the section of the curve from the minimum acceptable value (x = -7) to the 
extreme underperformance limit (x = -10). The corresponding score achieved also 
decrease progressively from 50 to 0. The x-coordinate x = (-10) corresponds to the 
extreme limit (1) which represents the worst possible under-performance level of the 
attribute.  
 
Over-performance Range (Up - Cp, Cp – EOp) 
 
In some cases, there is a possibility of attributes over-performing beyond the optimum 
value as explained earlier. Over-performance in this case is not desirable because 
beyond the optimum point, any increase in the measured value brings about a 
diminishing increment in performance which becomes increasingly unsatisfactory 
albeit within tolerable range until a cut-off value is reached. Beyond this maximum 
tolerable limit to the extreme over-performance limit, the performance of this attribute 
becomes unacceptable.  One example of such an attribute is illuminance level as 
mentioned previously. Literature shows that 800 Lux is the optimum level for 
illuminating the task area in the office. Beyond this level, increment in lighting level 
brings about diminishing increment in satisfaction. So increasing the value of 
illuminance level beyond the optimum level starts to render the performance less and 
less satisfactory as it gets increasingly brighter until it reaches the cut-off value at about 
1200 Lux. Beyond this cut-off value, the illuminance level becomes too bright for the 
task area and increasing the value any further only bring about greater problems in 
performance as it has become unacceptable. 
 




Hence, for attributes whose measured values fall beyond the optimum value but is still 
within the cut-off limit, the progressive over-performance is measured along the section 
of the curve from (0,100) to (7, 50). When the measured values are between the cut-off 
limit and the extreme over-performance limit, the attributes are measured along the 
section of the curve from (7, 50) to (10, 0). 
 
5.6.2 Derivation of scores for basic attributes  
 
In order to derive a scoring system for the attributes based on their measured values in 
the evaluation of building performance, Equation 5.1 in the preceding section is used. 
To establish the performance score of each attribute, its range of measured criteria and 
scale should be determined. This corresponds to the x-coordinate of the measured value 
of the attribute. As the measured values of the attributes may fall within different 
performance ranges along the curve, different equations to calculate the x-coordinate so 
as to derive the score is necessary. 
5.6.2.1 Derivation of score for measured values in the acceptable range of Lp - Up 
 
 
In order to calculate the x-coordinate of the measured value that falls in the acceptable 
range, the following function is used: 
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 -----------------------   Eq. 5.2 
 
 
Xp has the value of -7≤Xp≤0, 
Where 




Xp is the x-coordinate of the measured value of the pth attribute, 
 
Up is the maximum/optimum value of the pth attribute, 
 
Lp is the minimum acceptable value of the pth attribute, 
 
Vp is the actual measured value of the pth attribute 
 
 
From Eq 5.2 above, the term (Vp – Lp) determines the measured value’s difference from 
the minimum acceptable value. This difference is normalized over the difference 
between the acceptable performance range by the term (Up-Lp) and multiplied by 7 
which is the distance between x=0 and x= (-7). Another term (-7) is added to calculate 
the x-coordinate corresponding to the measured value of the attribute.  
 
An assumed constraint of Eq 5.2 is that it is valid only the range of -7≤Xp≤0. This 
range corresponds to the measured value of the attribute that falls within the acceptable 
performance range (Lp and Up) (Refer to Figure 5.9).  The x-coordinate calculated from 
Eq 5.2 can be substituted into Eq. 5.1 to obtain the score of the attribute. Hence the 
better the performance of the attribute above the minimum acceptable value and within 
the maximum/optimum value, the higher the performance score achieved. An example 
is given below to illustrate the concept.  
 
In order to measure thermal comfort in Building A, PPD is used as the performance 
indicator. The minimum acceptable limit for PPD is 20% (L) and the 
maximum/optimum acceptable limit is 0% (U). In the evaluation of Building A, the 
measured value of PPD is found to be 15% (V). As this value falls within the 
acceptable range, Eq. 5.2 can be used to calculate the x-coordinate of this measured 
value as follow:  
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                                      =      -5.25 
 
The x-coordinate obtained can then be substituted into Eq. 5.1 to determine the score 
achieved. 
 
                                 Yp = 100 − Xp2    
 
                                      = 100 − (-5.25)2 
      
                                     ≈ 72 (to nearest whole number) 
 
 
Hence for a measured PPD of 15%, the score determined for this attribute is 72 points. 
 
 
5.6.2.2 Derivation of score for measured values in the under-performance range of 
EUp - Lp  
 
 
Below the minimum acceptable value, the performance of the attribute is assumed to 
decrease progressively until the extreme limit which represents the worst possible 
performance level before it becomes dangerous or hazardous. For attributes that failed 
to meet the minimum specified criteria, another function has to be used to determine 
the x-coordinate. Depending on the deviation from the minimum acceptable value, the 
score achieved by the attributes should also decrease progressively as their performance 
decreases. The following function is used to calculate the x-coordinate: 
 
 

















 -----------------------  Eq.5.3 
 
 
Xp has the value of -10≤Xp<-7, 
Where 
 
Xp is the x-coordinate of the measured value of the pth attribute, 
 
Lp is the minimum acceptable value of the pth attribute, 
 
EUp is the extreme underperformance limit of the pth attribute 
 
Vp is the measured value of the pth attribute 
 
 
From Eq 5.3 above, the term (Lp – Vp) determines the measured value’s difference from 
the minimum acceptable value. This difference is normalized over the difference 
between the under-performance range by the term (Lp-EUp) and multiplied by 3 which 
is the distance between x = (-7) and x = (-10). Another term (-7) is included to deduct 
the value computed within the parenthesis in order to calculate the x-coordinate 
corresponding to the measured value of the attribute.  
 
As the measured value deviates progressively from the minimum acceptable limit along 
the curve from x = (-7) to x = (-10), the performance becomes more and more 
unacceptable as the extreme end is approached because comfort and heath might be 
detrimentally affected. The extreme or critical limits have to be identified and decided 
upon in the process. It is however beyond the scope of this study to identify the values 
for all the attributes presently. Nevertheless an example is used to illustrate this 
concept.  
 




Take for instance the PPD value is found to be 40% in Building B and the extreme limit 
of this attribute is identified to be 100%. As this value falls below the minimum 
threshold, Eq. 5.3 is used to calculate the x-coordinate of this measured value as follow:   
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The x-coordinate obtained can then be substituted into Eq. 5.1 to determine the score 
achieved: 
 
                                 Yp = 100 − Xp2    
 
                                      = 100 − (-7.75)2 
 
                                      ≈ 40 (to nearest whole number) 
 
 
Thus for decreasing performance of this attribute, the score determined also gets 
progressively lower. To explain the extent of underperformance, points will be 
deducted at a later stage according to the degree of underperformance from the 
minimum acceptable performance level. The number of points deducted is the 
difference between 50 which corresponds to the score achieved for meeting the 
minimum threshold and the score achieved by the attribute based on the actual 
performance (measured value).  
 
 




5.6.2.3 Derivation of scores for measured value in the over-performance range of Up 
-Cp and Cp - EUp 
 
 
For measured value that falls between the optimum value and cut-off limit, Eq. 5.4 is 
used to calculate the x-coordinate. If the measured value falls beyond the cut-off value, 
Eq. 5.5 is used instead.  The x-coordinate obtained is then substituted into Eq. 5.1 to 
determine the score achieved like before. 
 
For Vp between optimum limit (Up) and cut-off limit (Cp), 
 
 



















Xp has the value of 0<Xp≤7, 
Where 
 
Xp is the x-coordinate of the measured value of the pth attribute, 
 
Vp is the measured value of the pth attribute, 
 
Up is the optimum value of the pth attribute 
 
Cp is the cut-off limit of the pth attribute 
 
 
For Vp between cut-off limit (Cp) and extreme limit (Ep), 
 
 
                                              Xp  = 
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  ----------------------Eq. 5.5 
 
 
Xp has the value of 7<Xp≤10, 
Where 
 
Xp is the x-coordinate of the measured value of the pth attribute, 





Vp is the measured value of the pth attribute 
 
Cp is the optimum value of the pth attribute 
 
EUp is the extreme over-performance limit of the pth attribute 
 
 
It can be seen from Figure 5.9 that even when the measured values are beyond the 
optimum value from x=0 to x=7, scores achievable are the same (range from y=50 to 
y=100) as that obtained when the measured values are within the acceptable 
performance range from x=(-7) to x=0. To account for the extent of over-performance, 
points will be deducted at the later stage according to the degree of over-performance 
from the optimum value. As such, more points will be deducted for measured values 
that exceed the optimum value by a greater extent. The number of points deducted is 
the difference between the maximum score of 100 and the score achieved by the 
attribute based on existing performance (measured value). If the measured value of the 
attribute falls beyond the cut-off limit, the number of points deducted will be the 
difference between a score of 50 corresponding to the cut-off limit and the score 
achieved by the attribute based on the measured value.    
  
5.6.2.4 Derivation of scores for non-quantifiable attributes’ performance 
 
The equations given in the preceding sections can likewise be used to derive the score 
of attributes with non-quantitative criteria. This is based on the assumption that the 
performance of these attributes can be measured along the scoring curve shown in 
Figure 5.9. In this case, credits are used to substitute the quantitative values.  
 
For the purpose of consistency, it is proposed that for the assessment of non-
quantifiable attributes, the total number of credits be set at 15 each. Similarly, a 




minimum acceptable level has to be established to determine the acceptable 
performance range and draw the line below which attributes would be considered to be 
underperforming. The achievement of 5 credits is proposed to be the minimum 
acceptable level required to be met by the attribute. So if the number of credits obtained 
is more than 5, Eq. 5.2 is used to calculate the x-coordinate and subsequently the score 
achieved. If the number of credits obtained is less than 5 i.e. the attribute has failed the 
minimum requirement, Eq. 5.3 is used instead to calculate the x-coordinate and the 
respective score. Similarly, points will be deducted for underperformance. The number 
of points deducted is the difference between a score of 50 and the score achieved by the 
attribute.   
 
The performance of these attributes will be assessed by a panel of expert evaluators 
based on the non-quantitative criteria identified and the number of credits will be 
awarded accordingly depending on the level of performance achieved.  
 
5.6.2.5 Derivation of score for attributes with more than one criterion 
 
When the attribute has more than one criterion with different minimum acceptable 
values to be met, the average score is computed for the attribute. Take for example in 
the case of illuminance level, there are different thresholds to be met for task area and 
circulation area. Individual scores are computed for the measured values of illuminance 
level in task area as well as that in circulation area. The average score is then taken to 
represent the score achieved by this attribute. In a likewise manner, the points to be 
deducted for unsatisfactory performance are also computed for each sub-attribute and 
the average taken as well. 
 




5.7 Measuring the performance of Features 
 
It is a difficult and complicated process to identify the performance criteria for features 
upon which they can be evaluated. It is proposed that the assessment be conducted 
based on the presence of the features in the building. 
. 
It is proposed to score the features as follow: 
 





SFp is the score of the pth feature 
 
A score of 20 is proposed to be awarded for the presence of each feature in the building 
and this is based on the belief that the presence of the features will enhance the 
performance of the building. This score is arbitrary and until further research is carried 
out to measure the performance of the features, is subjected to future refinement.  
 
However the choice of a lower score as compared to the maximum score of 100 
achievable by the attributes is supported by the rationale that this category only served 
as an added bonus or incentive for buildings with these desirable features. This is to 
enable the differentiation of buildings from one another, provided that acceptable 
performance is achieved for the basic attributes. Thus the lower score allocated is to 
prevent the emphasis on features to override that of the basic attributes in the evaluation 
process because the proposed assessment framework is performance based and not 
intended to be feature-specific. 




5.8 Computation of weights of basic attributes and features 
 
 
Each attribute or feature may not have the same degree of importance or desirability as 
the rest of the parameters within the same mandate considered. As such, it is also 
important to examine the relative importance of each attribute and relative desirability 
level of each feature besides looking into deriving individual scores for each attribute 
and feature based on their level of performance. The mean importance ratings of the 
basic attributes and mean desirability ratings of the features obtained from the expert 
survey are used to calculate the weights of the attributes and features. The computed 
weights served as an indicator of the relative importance of basic attributes and relative 
desirability level of features within each performance mandate.  
 












p is the attribute/feature reference and n is the number of attributes/features considered 
within each mandate, 
 
Wp is the weight of the pth attribute or feature, 
 
 





Wp =           
                 
mp            
Eq. 5.7 




 mp is the mean importance rating of the pth attribute or mean desirability rating of the 
pth feature 
 
Using Equation 5.7, weights (w) of each basic attribute or feature is calculated and 
shown in the proposed assessment framework. 
 
5.9 Computation of weighted scores for basic attributes and features 
 
 
As each attribute or feature may vary in terms of its relative importance or desirability 
level within each mandate, the weights should be taken into account and factored into 
the individual scores achieved. The weighted scores of each attribute or feature are thus 
computed to give a more meaningful measure of performance.  
 
To compute the weighted score of each attribute or feature, the score of each attribute 
(SA) or feature (SF) is multiplied by the respective weight. The points to be deducted in 
the case of underperformance or over-performance of the attributes are also to be 
multiplied by the respective weights of the attributes to obtain the weighted points 
deduction. 




After the weighted score of each attribute or feature is computed, the weighted scores 
of all the basic attributes and features within each mandate are summed up separately to 
obtain the Overall Weighted Attribute Score (OWAS) and Overall Weighted Feature 
Score (OWFS) respectively. The two overall weighted scores provide an overview of 




the performance achieved by all the attributes and features within each mandate in the 
evaluated building.  
 
5.10.1 Computation of Overall Weighted Attribute Score 
 
 
In situations where any of the attributes have either under-perform or over-perform, 
points have to be deducted from the sum of all the attributes’ score in order to obtain 
the Overall Weighted Attribute Score (OWAS). Table 5.5 shows an example on the 
calculation of the OWAS for Visual Performance. The values shown in the table are all 
arbitrary numbers.  







Weight (W) Weighted 
score 




 (P x W) 
Illuminance level 80*0 (100-80) 






=10 0.3 12 10 x 0.3 =3 
Colour rendering 
index 50 - 0.2 10 
 
    Σ =62 Σ =13 
OWAS     49 
 
 
Referring to Table 5.5, it is seen that in the 2nd column which displays the individual 
score obtained by each attribute, a *u is marked beside one of the scores. This is an 
indication of underperformance by the attribute which has failed to meet the minimum 
acceptable requirement. Thus points to be deducted will be: 
 Wp x (50-SAp) 
 where  




Wp is the weight of the pth attribute, 
SAp is the score of the pth attribute 
 
On the other hand, the *o marked beside the score indicates that the measured value of 
the attribute has exceeded the optimum value. In this case, the score is 80 which is >50, 
indicating that the measured value falls between the optimum and cut-off limit as 
explained in the previous section (refer to Section 5.6.2.3), so points to be deducted will 
be Wp x (100-SAp). In the event that the score is < 50 for over-performing attributes, 
indicating that the measured value falls between the cut-off and extreme over-
performance limit, the points to be deducted will be Wp x (50-SAp) instead. 
 
In the example shown in Table 5.5, illuminance level was found to be over the 
optimum value and daylight glare index is below the minimum acceptable value in the 
assessed building. Thus points are deducted accordingly as shown in the table. The 
weighted scores of all the attributes and the weighted points to be deducted within this 
mandate are first summated separately. The difference between the summated weighted 
scores of all the attributes and the summated weighted points to be deducted gives the 
Overall Weighted Attribute Score (OWAS) of Visual Performance (49) as illustrated in 
Table 5.5. 
 
Hence, to derive the OWAS of each performance mandate, the same procedure is 
followed as described by taking the difference between the summated weighted scores 
of all the attributes and the summated weighted points to be deducted. 
 




The maximum achievable OWAS is 100 which indicate that all attributes within the 
mandate are performing at the optimum/maximum level. On the contrary, the lowest 
score that could be achieved is -50. This reflects the situation where all attributes within 
the mandate have failed with measured values corresponding to the extreme limits. In 
this case, each attribute within the mandate received a score of 0 with additional 50 
points deduction, thus giving an OWAS of -50 for the mandate. However this scenario 
is not very likely based on the assumption that most buildings in Singapore are deemed 
to have satisfied the codes and standards specified, so extreme cases are very rare. On 
the other hand, if all the attributes have just fulfilled the minimum acceptable criteria, 
the OWAS is 50. 
 
5.10.2 Computation of Overall Weighted Feature Score 
 
 
As the attributes are the fundamental performance indicators of the respective mandate, 
it is important that acceptable performance be achieved for all the attributes before 
assessment and scoring of the features within each mandate is carried out. In view of 
this, the assessment of features is subjected to the prerequisite condition that none of 
the attributes had their performance score outside the acceptable limits stipulated. 
  
If acceptable performance is not achieved for the building assessed, the underlying 
implication is that the presence of features does not appear to enhance the performance 
level. This might be attributed to low performance in design, usage or operation of the 
features, even when they are present in the building. Thus only buildings which 
satisfied the performance of the attributes are entitled to further assessment on the 
category of Features. When the condition is met, the features are scored accordingly. 




The Overall Weighted Feature Score of each performance mandate is determined by the 
summation of all the individual weighted scores of the features within the mandate.  
 
The maximum achievable Overall Weighted Feature Score is 20 corresponding to the 
presence of all features specified in the framework and the minimum score is 0 where 
no features specified are present in the evaluated building at all.   
 
5.11 Derivation of performance index of each mandate 
 
 
As the performance of a mandate is dependent on the corresponding performance of 
those relevant attributes and features, the Overall Weighted Attribute Score and Overall 
Weighted Feature Score are used to determine the performance index of each mandate. 
These two constituent scores of each mandate are aggregated and divided by the 
maximum total score which sums up to 120 for both categories to arrive at the 
performance index for the respective mandate. In cases where the Overall Weighted 
Feature Score is equivalent to 0, only the Overall Weighted Attribute Score is divided 
by the maximum total score (120) to determine the performance index. 
 
The performance index is the ratio of aggregated overall weighted scores of both 
attributes and features to the maximum total score and the maximum value of the index 
is 1. The performance index derived serves as an indicator of the level of performance 
achieved by each mandate hence the higher the index, the better the performance of a 
particular mandate. It is useful to derive individual performance index for each mandate 
so that the performance of each mandate can be examined separately to identify 
problems which may exist in each mandate.     
 




As mentioned, the maximum value of a performance index is 1. This indicates that all 
attributes within the mandate are performing at the optimum/maximum level with an 
Overall Weighted Attribute Score of 100 and all the desirable features identified are 
present in the building with an Overall Weighted Feature Score of 20. On the other 
hand, when optimum/maximum performance is achieved by all attributes but no 
features are present in the building, the corresponding performance index achieved will 
be 100/120 ≈ 0.8. . If all the attributes have just met the minimum acceptable 
thresholds but there are no features present, then the performance index will be 
50/120≈40. The lowest value of the performance index is -0.4 and this corresponds to 
the failure of all attributes within the mandate with an Overall Weighted Attribute 
Score of -50. The Overall Weighted Feature Score is not included because the 
prerequisite of meeting the basic requirements of the attributes has not been met. Thus 
the performance index is derived by taking -50/120 ≈ -0.4                                                                                                                                                      
 
5.12 Computation of weights for performance mandates 
 
 
As discussed in Chapter Four, the seven performance mandates have been shown to 
differ in their relative importance in the contribution towards total building 
performance. Weights are computed for each performance mandate based on the 
overall importance ratings obtained from the expert survey to reflect the relative 
importance of each mandate with respect to the others. The overall importance ratings 
are obtained from the summation of row scores described in Chapter Four.  
 
The row scores (overall importance ratings) are normalized to a scale of 100 to 
compute the weights as follow: 












j is the mandate reference and n is the number of mandates considered 
 
Wj  is the weight of the jth mandate 
 
 rj  is the row score(overall importance rating) of the jth mandate 
 
Using Equation 5.8, weights (w) for each performance mandate is calculated.  
 
The weight of each performance mandate and its rank position are shown in Table 5.6. 
As discussed in Chapter Four, Safety and Security which has been shown to be the 
most important mandate with respect to the others in total building performance has the 
highest weight at 17.6. Thermal Performance and IAQ Performance are ranked second, 
with a weight of 15.7. Visual Performance is ranked last among the mandates with a 
weight of 11.9.  
 
It is observed that although the absolute difference between the overall importance 
ratings is significant among several mandates as discussed in Chapter Four, the 
difference among the weights of the mandates after normalization is not very big. This 
further affirms the point that in order to achieve high total building performance, all the 
performance mandates are important and take on a substantial role thus neither one 












*100 Wj  =           
Eq. 5.8 




Table 5.6: Computation of weight and rank of each performance mandate 
 
Performance 
Mandates Row scores Weights Rank 
Safety and Security 370 17.6 1 
Thermal  331 15.7 2 
Indoor Air Quality 331 15.7 2 
Building Integrity 316 15.0 3 
Spatial 253 12.1 4 
Acoustic 251 12..0 5 
Visual 250 11.9 6 




5.13 Derivation of the TBP index 
 
It is assumed that Total Building Performance can be assessed by aggregating the 
individual performances of the seven mandates as the satisfactory performance of the 
seven mandates is the determinant of the overall building performance. As the role each 
mandate plays in the contribution towards total building performance varies, the 
weights of the performance mandates must be factored in to reflect the relative 
importance of each mandate. In view of this, a linear function to integrate the weighted 
performance indices of all seven mandates to arrive at the TBP index is proposed as 
follow in Eq 5.9: 
 
TBP index = 17.6(Safety and Security) + 15.7 (Thermal Performance) + 15.7 (IAQ 
Performance) + 15.0 (Building Integrity) + 12.1 (Spatial Performance) + 
12.0 (Acoustic Performance) + 11.9 (Visual Performance)  --------- Eq. 5.9 
 
The above function is based on the assumption that the individual performances of the 
seven mandates can be assessed independently and aggregated linearly to evaluate the 
total building performance. The individual performances of the seven mandates are 




assessed by the performance index obtained for each mandate. The values of the 
performance indices of the seven mandates are substituted into the proposed function to 
derive the TBP index. Hence the magnitude of the performance indices will affect the 
result of the TBP index.  
 
It is also assumed that total building performance can be measured along a linear scale 
where a value of 100 represents the maximum TBP index achievable. The lowest TBP 
index derivable is -40 where all the seven performance mandates have failed 
corresponding to the failure of all 39 attributes with measured values at the extreme 
limits.  In this case, the performance index is -0.4 for each mandate which is the lowest 
possible index as mentioned earlier. If all 39 attributes just fulfilled the minimum 
acceptable requirements corresponding to a score of 50 each (with no features present), 
the performance index of each mandate is approximately 0.4 and the TBP index derived 
is 40. 
 
It is noted that it might be possible for a building that does not have all the attributes 
meeting the acceptable criteria to have a higher TBP index than another which has all 
the attributes meeting the acceptable criteria. This scenario is possible in the event that 
one building has most attributes achieving optimum performance and a few performing 
poorly outside the acceptable range but on the average still achieved a very high TBP 
index. On the other hand, another building that meets all the criteria albeit just 
marginally will achieve a lower TBP index in comparison. In this case, it is unable to 
tell from the TBP index at first glance which building is better than another if the 
definition of a good building is one that has at least met all the acceptable requirements, 
i.e. the performance of all attributes are within the stipulated acceptable range.  




However, it is presumed that most buildings are deemed to meet the acceptable 
requirements and even if not, should not deviate from the acceptable limits too 
drastically because of codes, standards and guidelines in place for compliance. 
Assuming that this holds true, then the higher the TBP index the better a building 
because it is very unlikely to have a building that has many attributes performing 
exceptionally well and some performing extremely poorly. This is further supported by 
the fact that the attributes within each mandate are usually interdependent, so the 
performance of one attribute is likely to have an impact on the performance of another. 
 
In view of the above considerations, it is justifiable to say that a building with a higher 
TBP index is better than another with a lower TBP index even if the one with the 
higher TBP index has a few attributes performing slightly outside the acceptable limits. 
For example, say Building A has a higher TBP index than Building B. Building A has 
all attributes performing at optimum level except for thermal comfort with PPD at 22% 
which is only marginally below the minimum acceptable value of 20%. Building B on 
the other hand, has all attributes performing within the acceptable range but just 
meeting the threshold level. In this case, it is reasonable to conclude that Building A is 
on the whole a better building than Building B despite not meeting all stipulated 
acceptable performance requirements because the deviation of performance from the 
acceptable limits is marginal.  
 
5.14 Proposed TBP Assessment Framework 
 
 
The proposed TBP assessment framework comprising of the attributes and features 
within each mandate and the corresponding performance criteria identified to facilitate 
the evaluation of building performance is shown in Table F1 in Appendix F. The 




framework comprises of seven sections for the seven mandates to be assessed one at a 
time. Within each section, the basic attributes and features within each mandate are also 
assessed separately. All the criteria identified in the assessment framework are adopted 
from the literature documented in Section 5.4.  
 
Two tables Table F2 and Table F3 are also included in Appendix F. Table F2 facilitates 
the computation of performance indices of the seven performance mandates and the 
TBP index based on the Overall Weighted Attribute Score (OWAS) and Overall 
Weighted Feature Score (OWFS) derived from the assessment. On the other hand, 
Table F3 compiles the list of attributes within each mandate that have failed to meet the 
stipulated acceptable requirements. This enables the evaluator to present a simplified 
performance report on the areas and the extent that they have failed.  
 
In this way, different buildings can be compared based on the TBP index on the overall 
building performance level. The higher the index, the better the overall building 
performance on the basis that all attributes are performing within the stipulated 
acceptable range. The buildings can also be compared on the individual mandate level 
and this provides the management with an overview of the overall performance areas 
that the building had performed more poorly than another building. Tabulation of the 
list of attributes that have failed to achieve satisfactory performance helps the 
management to gain an insight into the individual aspects that have failed and thus be 
able to zoom into the problem areas and take the appropriate remedial actions.  
 




In all, the two tables help to summarize the results of the total building performance 
evaluation and can be used to facilitate a quick and easy comparison of the performance 
of different buildings at different levels. 




Step 1: Determine the score of each attribute 
 
After evaluation of each attribute either through objective measurements (by using 
instrumentation) or assessment by a panel of expert evaluators, the measured value (Vp) 
is input into the assessment framework. If the measured value falls into the under-
performance or over-performance range, put a *u or *o respectively beside the 
corresponding score of the attribute as an indication for points deduction later. In order 
to determine the score of each attribute based on its measured value, the following 
equations are used to calculate the x-coordinate for measured values in different 
performance ranges. 
 
Calculation of x-coordinate for the measured value (Vp): 
 
1) If Vp is between Lp and Up (acceptable performance range),  
 
 
                               Xp  = 
( )













   
 
 Where (-7≤Xp≤0) 
 
 
2) If Vp is between EUp and Lp (underperformance range),  
 




















3) If Vp is between Up and Cp (over-performance range), 
 
 



















4) If Vp is between Cp and EOp (over-performance range),  
 
 
                                  Xp  = 
( )













   
 
Where (7< Xp≤10) 
 
 
Calculation of score 
 
After the x-coordinate of the measured value of the attribute is determined by 
employing the appropriate equations shown above, it is substituted into the following 
equation to determine the score obtained: 
 
                                         Yp (SAp) = 100 − Xp2    
 
Where   
 







Step 2: Determine points to be deducted for unsatisfactory performance 
 
In the event that the attributes have either under-perform i.e. failed to meet the 
minimum acceptable level or over-perform i.e. exceed the optimum level, points have 




to be deducted from individual scores achieved to reflect the failure to meet the 
requirements within the acceptable performance range.  
 
1) If Vp is between EUp and Lp, 
 
Points deduction = (50 –SAp) 
 
 
2) If Vp is between Up and Cp,  
 
Points deduction = (100 –SAp) 
 
 
3) If Vp is between Cp and EOp,  
 
Points deduction = (50 –SAp) 
 
 
Step 3: Compute the weighted score and weighted point deduction of attributes 
 
The score and points to be deducted (when applicable) of each attribute is multiplied by 
the respective weight to obtain the weighted score and weighted point deduction. 
 
Step 4: Determine the Overall Weighted Attribute Score (OWAS) 
 
The Overall Weighted Attribute Score is obtained by taking the difference between the 
summated weighted scores of all the attributes within the mandate and the summated 
weighted point deductions (when applicable). 
  
Note: (Steps 4 to 6 are only applicable if all the attributes within the mandate are 
within acceptable performance range) 
 
Step 4: Determine the score of each feature 
 
If any features specified in the assessment framework are present in the evaluated 
building, the feature is given a score of 20 points each.  
 
Step 5: Compute weighted score of features 
 








Step 6: Determine Overall Weighted Feature Score (OWFS) 
 
The Overall Weighted Feature Score is obtained by summing up the weighted scores of 
all the features within the mandate. 
 
Step 7: Determine performance index of each mandate 
 
The Overall Weighted Attribute Score and Overall Weighted Feature Score (if 
applicable) within the respective mandate are summated and divided by 120 to obtain 
the performance index of each mandate. 
 
Step 8: Determine TBP Index 
 
The performance indices obtained for the seven mandates are input into the TBP 
function to determine the TBP index of the evaluated building. 
 
5.16 Error analysis 
 
 
In the assessment process leading to the derivation of the TBP score, errors due to 
certain factors are inevitable. The sources of error include errors due to sampling and 
errors due to the instruments used in the objective measurements. 
 
Sampling errors refer to the sampling variability of the mean which is the extent to 
which a mean can be expected to vary as different samples of the same size are 
randomly selected from the same population. This is expressed by its standard error 




(Burns, 1994). It is possible to obtain the estimate of the amount of sampling error for a 
mean on the basis of one sample. If the size of the sample and the standard deviation of 
scores in that sample is known, the standard deviation of sampling errors can be 
estimated. This expected standard deviation of sampling errors is thus the standard 
error (SEm) of the mean. The standard error is a measure of the dispersal of the sample 
means. It is never possible to find the exact value of a population mean from the sample 
mean so it can only be estimated by specifying an interval within which the population 
mean lies with a know degree of confidence (Burns, 1994).  
 
In this study, the 95% confidence level is adopted and the mean values used to compute 
the weights of the various mandates, attributes and features are the sample means.  
Therefore, as the population mean is the average of all possible sample means, it can 
only be argued that the population mean lies within ± 1.96SEm of the only known 
sample mean with a probability of 0.95. At the same time, there is a 5% chance that the 
sample lies outside this interval. Since is noted that the actual population mean can lie 
anywhere within the 95% confidence interval
 
so by using the sample means in the 
calculation of weights and indices, there is a percentage of error involved if the 
population mean is not equivalent to the sample mean used. In order to assess the 
reliability of the weights used in this study, an analysis of the possible degree of errors 
arising from the calculation is undertaken. 
 
Table 5.7 shows the estimated percentage of error arising from the use of the sample 
means in calculating the weights of the mandates, attributes and features. The 
percentage of error is computed by taking 1.96SEm over the respective means of each 
mandate, attribute and feature. From Table 5.7, it is seen that the percentage of error 




generally lies below 10%. This is considered acceptable, and rendered the weights 
computed reliable on the whole. It is also observed that the percentage of error involved 
for basic attributes tend to be smaller that that of features.  
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Another source of error which may arise is in the process of conducting objective 
measurements to determine the measured values of attributes. Accuracy of the 
instrumentations used, the competence of the evaluator in handling the instruments, and 
interpreting the data as well as the circumstances in which the evaluation is carried out 
are all potential sources of error with an impact on the measured value obtained. As 
such, these errors will be factored into the score derived for each attribute. The score is 
therefore not the true absolute score obtained by the attribute but an approximate 
indication of the level of performance achieved.  
5.17 Benefits and Applications of the TBP Assessment Framework 
 
 
The proposed TBP assessment framework measures the overall building performance 
in a holistic manner using seven performance mandates and their corresponding 
attributes and features.  Satisfactory total building performance can only be achieved 
when the building systems perform together in an integrated and effective manner to 
meet the criteria of the various performance indicators specified.  
 
The proposed TBP assessment framework may be used to: 
 
1) Assess the degree to which each individual requirement is being met. 
 




For example, it is possible to find out whether the illuminance level is being met at 
different parts of the offices and if not, the degree to which this requirement is not 
being fulfilled. 
 
2) Assess the degree to which the performance of the building as a whole meets the 
requirements stipulated. 
For example, from the TBP score, it is possible to determine whether the building has 
met the requirements specified for the seven mandates to achieve satisfactory overall 
building performance or not. 
 
3) Evaluate the implications for the building owners, occupants and users of any 
present or incipient deficiencies in performance 
For example, if the indoor air quality is found to be very poor in the building, it might 
signify to the management that the occurrence of the sick building syndrome might be 
prevalent and the health of the occupants might be adversely affected in the long run if 
nothing is done about it. 
 
4) Determine the causes of any deficiencies as a basis for deciding on remedial 
actions 
For example, it is possible to find out whether the failure to meet indoor air quality 
requirements is a result of deficiency in the ventilation system, mal-functioning air 
filters or the placement of the air-intake grilles etc. From there, remedial actions can be 
taken. 
 




The proposed TBP assessment framework provides a mean of systematic and consistent 
assessment of the overall building performance in satisfying the occupants’ needs as 
well as to facilitate the functional operation of the business organizations in a 
physically safe environment. Through the evaluation process, the office facilities can be 
monitored and compliance to performance requirements can be verified. Problems in 
different performance areas can be diagnosed and action taken to improve the current 
building performance. The derivations of scores and indices at various stages serve to 
provide a clear overview of the performance of the building in different aspects and 
highlight the areas that have failed.  
 
The TBP index derived is easy to understand and communicates to the public through 
the use of a numerical index to relate higher score to better performance. In this way, 
the scores of different buildings can be used to conduct comparative studies. In 
addition, the usefulness of such structured information goes beyond a single project as 
it could be used to build up information database to facilitate benchmarking of office 
buildings based on their total building performance.  
 
Furthermore, this could pave the way to the development of a labeling system to 
classify buildings based on their performance. Apart from this, the results from total 
building performance ratings obtained can serve to complement and be cross-
referenced to occupants’ satisfaction surveys in future. The methodology adopted in 
this study could also be applied to develop another set of appropriate assessment 
framework for evaluating the performance of other types of buildings. 
 




5.18 Limitations of the TBP Assessment Framework 
 
The scoring curve proposed for the measurement of attributes’ performance and for the 
derivation of the individual scores of the attributes may be further refined through more 
in-depth studies. As the various attributes may exhibit different characteristics, different 
scoring curves may have to be determined through future research for different 
attributes so that the performance can be measured more appropriately.  
 
The aim of this thesis seeks to examine the important performance indicators and 
criteria which are essential to the perceived performance of the building as judged by a 
panel of experts based on the Total Building Performance approach. It does not seek to 
pursue independent investigations involving all the performance indicators and the 
criteria in an exhaustive manner. This would be beyond the scope, resources as well as 
time constraints of the proposed thesis work. Hence the proposed assessment system 
seeks to embrace as comprehensive a range of indicators and criteria as possible in 
relation to the seven mandates through an extensive literature review and survey of 
local experts who are familiar in the area of total building performance in the tropics. 
 
In addition, the suggested criteria identified in the proposed framework only serve as a 
starting point to assess the performance indicators involved. Experts in the relevant 
fields have to be consulted to develop an appropriate and accurate assessment protocol 
taking time and monetary constraints into account for each of the performance 
attributes identified in the framework which at the present moment is beyond the scope 
of the thesis work.    
 




It is recognized that the measurement of total building performance is a very complex 
topic as compared to the measurement of the performances on the level of components 
and materials. This is partly due to a lack of methods available to adequately measure 
total building performance. In addition, there is also insufficient information to allow 
an accurate quantification of performance. Hence it would be unrealistic to assume that 
one could attain an absolute measure of performance. At this present moment in time, 
the performance assessment method would be an initial effort rather than a conclusive 






The chapter presents the developmental process of the proposed TBP Assessment 
framework. Performance criteria were identified for the significant basic attributes 
through local and international codes, standards, guidelines and literature documented. 
A scoring curve to assess the performance of the attributes based on their measured 
values was proposed and used to derive the individual scores for the attributes. A 
method to measure the features was also proposed. The process leading to the 
derivation of the TBP index to rate the overall building performance was also 
presented. The assessment framework to be used in the total building performance 
evaluation of buildings was also shown. Benefits, applications and the limitations of the 










With the growing number and size of buildings being built today, building performance 
is becoming a major market concern among governments and public and private 
sectors’ enterprises. There are primarily three elements to this concern, namely: 1) 
concern over the value of investments and returns, 2) concern over health and 
productivity of occupants as well as 3) concern over increasing costs of maintenance 
and operation. In view of this, it is necessary to have a tool to evaluate and rate the 
performance of the building in its ability to address the above concerns.  
  
To date, there are no in-depth studies on building performance assessment system 
carried out in the tropics which might be applicable to office buildings.  Therefore, the 
development of such a system would greatly benefit countries in the tropics. As such, 
there exists a need to develop a comprehensive assessment framework that would 
provide as a mean of systematically and objectively evaluating and rating building 
performance.     
 
6.2 Review and achievement of research objectives 
 
This study aims to formulate a holistic objective measure that amalgamates the various 
building performance indicators. The Total Building Performance concept (Hartkopf, 
1986a, 1986b) is adopted as the basic framework to develop an integrated index for 









To develop a holistic framework based on the TBP approach for the assessment of 
office buildings 
 
The first objective was aimed at development of a building performance assessment 
framework which would facilitate as an objective yardstick to evaluate the total 
building performance of office buildings in Singapore. The proposed TBP assessment 
framework is underpinned by seven performance mandates namely Thermal 
Performance, Visual Performance, Acoustic Performance, Indoor Air Quality, Spatial 
Performance, Building Integrity as well as Safety and Security. Performance attributes 
and features within each mandate were first identified through literature review and the 
list further refined through preliminary expert interviews. A more detailed expert 
survey carried out subsequently helped in the identification of a total of 39 attributes 
and 36 features which are the salient performance indicators categorized within the 
seven mandates. This allows total building performance to be assessed along this key 
set of performance dimensions.    
 
The expert survey provided the mean to collect the judgments and ratings on the 
performance mandates and their corresponding attributes and features through an open-
ended interview and a questionnaire. A sample of 90 experts comprising of developers, 
architects, (M&E) engineers, (C&S) engineers, contractors, academics, facility 





were selected for their in-depth knowledge and practical experiences in the field of total 
building performance.  
 
Paired comparisons were carried out to determine the relative importance of each 
performance mandate in total building performance. The Kendall coefficient of 
agreement test was carried out to determine the degree of agreement among the experts 
in their ratings. The results showed that the ratings were not assigned randomly and that 
there was a degree of consensus among the experts. The overall pair-wise importance 
ratings were used to calculate the weights of the seven performance mandates and the 
weights are tabulated in Table 6.1. The results showed that Safety and Security was 
ranked in the first position, followed by Thermal Performance and Indoor Air Quality 
at a tie in second position then Building Integrity, Spatial Performance, Acoustic 
Performance and Visual Performance. 
  
Table 6.1: The weight and rank position of the seven performance mandates 
Performance 
Mandates Weights Rank 
Safety and Security 17.6 1 
Thermal  15.7 2 
Indoor Air Quality 15.7 2 
Building Integrity 15.0 3 
Spatial 12.1 4 
Acoustic 12..0 5 
Visual 11.9 6 
Total 100   
 
On the other hand, performance attributes were rated by the experts for their 
importance and features were rated for their desirability level. The One Sample T test 
was carried out to test for the significance of the attributes and features in terms of their 





to be significantly important or desirable are selected and included in the assessment 
framework. Two features namely, piped in music and robotic inspection system were 
excluded because they were not found to be significantly desirable from the results of 
the t-test. Weights were also subsequently computed from the experts’ ratings for the 
performance attributes and features which served as an indication of their relative 
importance or desirability level within the mandate. 
 
The proposed TBP assessment framework is thus constructed on the basis of the seven 
performance mandates as well as their respective performance attributes and features 




To identify performance criteria which are relevant to the tropics and propose a 
method of scoring the performance indicators for the assessment of total building 
performance 
 
The performance criteria are identified from local/international codes, guidelines, 
standards as well as literature documented that are relevant to the tropical context as 
well as Singapore. In addition, consultation with local experts also helps in facilitating 
the identification of certain performance criteria. Quantitative as well as non-
quantitative criteria were identified for the performance attributes but left out of the 






Methods to measure the performance of the basic attributes and features based on the 
criteria identified are proposed separately. A scoring curve is proposed to assess the 
attributes based on the measured values and to derive individual scores corresponding 
to the level of performance achieved. Different segments of the proposed scoring curve 
can be used to assess the attributes and derive the corresponding scores depending on 
the performance range the measured value falls into. If the measured value of the 
attribute does not fall within the acceptable performance range, points are 
correspondingly deducted depending on the deviation of performance from the 
acceptable limits stipulated. The maximum score achievable for any attribute is 100 and 
the lowest score is -50 which corresponds to a measured value at the extreme limit 
although it is unlikely assuming that most buildings are compliant to codes, standards 
and guidelines. 
 
On the other hand, the proposed method of assessing features is to allocate points if the 
features specified in the framework are present in the building because an appropriate 
way to quantify the performance of the features has not been established yet. This 
served to reward buildings that have already fulfilled the stipulated acceptable 
requirements of all the attributes by awarding extra points for having desirable features. 
20 points are proposed to be allocated for the presence of each feature in the building. 












To derive a TBP score which integrates the effects of the identified performance 
parameters concerned with building performance into a single number for future 
benchmarking 
 
In order to derive the overall TBP index, a function that amalgamates the performance 
mandates and the corresponding performance indicators is proposed. The overall TBP 
index is given in the following function: 
 
TBP index= 17.6(Safety and Security) + 15.7(Thermal performance) + 15.7(IAQ 
performance) + 15.0(Building Integrity) + 12.1(Spatial performance) + 12.0(Acoustic 
performance) + 11.9(Visual performance) 
   
The weights of the seven performance mandates computed from experts’ ratings reflect 
the relative importance of each mandate in total building performance. Performance 
indices are also derived for the seven performance mandates which served as an 
indication of the performance level of each mandate in the assessed building. The 
performance index of each mandate is construed from the aggregation of Overall 
Weighted Attribute Score and Overall Weighted Feature Score. The weighted 
performance indices of the seven mandates are then substituted into the above function 
to derive the overall TBP index which serves as an indicator of overall building 
performance. The maximum value of the TBP index is 100 and the lowest value is -40 
which corresponds to the failure of all attributes, with measured values at the extreme 





6.3 Contributions of the study 
 
Firstly, the proposed TBP assessment framework provides an opportunity for important 
performance requirements of office buildings to be assessed comprehensively along a 
common set of performance dimensions. This assessment framework ensures the total 
needs of a building to be examined together in an integrated and balanced manner 
which does not result in promotion of a single performance area at the expense of 
another.   
 
Secondly, the assessment framework is not only capable of assessing the current 
capability of the occupied building in use, it can also be used for routine or periodic 
check-ups, troubleshooting when problems occurs as well as an aid to building 
operation and maintenance. 
 
Thirdly, as professionals in different disciplines working in different organizations tend 
to see the same problem from different viewpoints, it is beneficial to be able to 
integrate these viewpoints in a systematic manner which would serve as invaluable 
information. The expert survey conducted makes it possible to take advantage of the 
vast body of knowledge and expertise created in a variety of separate disciplines and 
enable different priorities to be focused on different performance issues in the building. 
 
Lastly, the TBP index can be used to rate and compare building performance. It can be 
used to facilitate the benchmarking of total building performance of office buildings in 






6.4 Limitations of the study 
 
Although interrelationships exist among various performance mandates, it is very 
difficult to quantify the interactions of the impact of one performance mandate on the 
other. As such, the derived TBP function may not be able to address this consideration 
completely. In addition, it also proved difficult to assess the performance of the 
features.  
 
Besides this, the generic scoring curve used to assess the performance of the various 
attributes in satisfying the performance criteria identified may not be sufficiently 
adequate. This can only serve as a starting point to measure and score the attributes 
because different attributes have different performance characteristics. This will require 
different curves to be established through further studies and research so as to measure 
the performance of the attributes more appropriately. Case studies should also be carried 
out to validate the scoring curve so as to further refine it. 
 
6.5 Recommendations for future studies 
 
Other performance issues brought up by the experts in the interview such as energy 
performance and sustainability which were left out in the study can be included in a 
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Appendix A: Sample of the Questionnaire 













































Section I: Open-ended Questions 
 




















Section II: Pair-wise Comparison between Performance Mandates 
 
Please rate the importance of each performance mandate through a series of paired 
comparisons below with respect to your ideal high performance office building in relation 
to one another. Mark on the lines provided to indicate the degree of importance of each 
mandate as compared to one another. 





































































































































































Indoor Air Quality 
 




















































































Indoor Air Quality 
 





































Section III: Rating of individual attributes/features within each performance 
mandate 
 
Please mark on the lines provided to indicate in your professional opinion how 
important/desirable each attribute/feature is in the evaluation of the various performance 


















3. Mean Radiant 






















Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 


















































Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Desirable Very Desirable 




4. Colour Rendering Index                













































Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
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Not Desirable Very Desirable 


















































Not Desirable Very Desirable 
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Not Desirable Very Desirable 








1. Background             











3. Speech Intelligibility 
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1. Ventilation rate                     






 2. Amount of pollutants 








Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Important Very Important 
Not Important Very Important 





4. Air exchange    


























8. Compartmentalization of pollution sources 
 
 















Not Important Very Important 
Not Important Very Important 
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Not Important Very Important 
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Not Desirable Very Desirable 
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3. Occupancy density         
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Not Important Very Important 
Not Important Very Important 
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Not Important Very Important 
Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Desirable Very Desirable 



















































Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Desirable Very Desirable 
Not Desirable Very Desirable 


















































Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 
Not Important Very Important 


















































Not Desirable Very Desirable 
Not Desirable Very Desirable 
Not Desirable Very Desirable 
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Appendix C: Statistical Data of Skewness 




























N Skewness Std. Error 
Thermal Performance    
Air temp 62 -0.848 0.254 
RH 62 -2.185 0.254 
MRT 62 -0.636 0.254 
Air velocity 62 -0.526 0.254 
Zonal Ctrl 62 -0.844 0.254 
VAV with individual ctrl 62 -1.293 0.254 
Sensor ctrl (body heat + movement) 62 -0.116 0.254 
Visual Performance    
Illuminance level 62 -0.483 0.254 
Daylight factor 62 -0.825 0.254 
Daylight Glare Index 62 -1.008 0.254 
CRI 62 -0.790 0.254 
View to outside 62 -0.862 0.254 
Task lighting with individual control 62 -1.164 0.254 
Zonal ctrl 62 -1.154 0.254 
Occupancy sensor 62 -0.374 0.254 
Time Switches 62 -0.513 0.254 
Integrated daylighting ctrl 62 -0.739 0.254 
Daylighting systems 62 -0.549 0.254 
Sunshading features on façade 62 -1.591 0.254 
Skyrise greening 62 -0.794 0.254 
Glazing technologies 62 -1.129 0.254 
Automated window blinds for glare ctrl 62 -0.512 0.254 
Acoustics Performance    
Background noise level 62 -1.227 0.254 
Speech privacy 62 -1.746 0.254 
Speech intelligibility 62 -1.430 0.254 
Sound insulation quality 62 -0.947 0.254 
Problem of Echo 62 -1.449 0.254 
Perceivable vibration 62 -0.808 0.254 
Sound masking system 62 -0.886 0.254 
Quality of PA system 62 -0.540 0.254 
Piped-in music system 62 -0.086 0.254 
IAQ Performance    
Ventilation rate 62 -1.751 0.254 
Amt of air pollutants 62 -1.927 0.254 
Air exchange effectiveness 62 -1.458 0.254 
Odour in office 62 -0.857 0.254 




RH 62 -1.330 0.254 
Compartmentalization of pollution sources 62 -1.216 0.254 
Operable windows 62 -0.451 0.254 
CO2 sensors to ctrl fresh air intake 62 -0.840 0.254 
Air flushing system 62 -0.935 0.254 
Personalized ventilation system 62 -0.299 0.254 
Displacement ventilation system 62 -0.183 0.254 
Biohazard ctrl using UV rays 62 -0.337 0.254 
High performance filtration system 62 -1.059 0.254 
Designated & compartmented smoking area 62 -1.472 0.255 
Centralized waste & vacuum cleaning system 62 -0.264 0.254 
Spatial Performance    
Design Efficiency 62 -1.096 0.254 
Wayfinding performance 62 -0.938 0.254 
Occupancy density 62 -0.794 0.254 
Proximity performance 62 -0.672 0.254 
Vertical integration 62 -0.612 0.254 
Provision for disabled 62 -1.218 0.254 
Flexibility in workplace transfiguration 62 -1.352 0.254 
Availability of social meeting area 62 -1.121 0.254 
Shared facilities 62 -0.849 0.254 
Raised floor system 62 -0.202 0.254 
Building Integrity    
Structural stability 62 -1.864 0.254 
Building Envelope integrity 62 -1.422 0.254 
Interior system integrity 62 -0.901 0.254 
Water-tightness of windows & external wall joint 62 -1.388 0.254 
Building maintainability 62 -1.359 0.254 
Leakage detection system 62 -0.691 0.254 
Robotic inspection system 62 -0.051 0.254 
Safety & Security    
Fire integrity 62 -1.892 0.254 
Escape time 62 -2.161 0.254 
Emergency evacuation plan 62 -1.616 0.254 
Utility provisions & protections during emergency 62 -1.432 0.254 
Design for ctrl of ingress & egress 62 -0.954 0.254 
Security measures after normal operating hours 62 -0.983 0.254 
In-building repeater system 62 -0.889 0.254 
Personal safety / evacuation kits 62 -0.872 0.254 
Air-quality detection system for bio-chemical 
protection 62 -0.743 0.254 
Alarm activation system 62 -2.208 0.254 






Table C2: Data on T- statistics and level of significance for basic attributes and 
features 
 
Test Value = 50 
Basic Attributes 
  t df 
Sig. Level 
 (1-tailed) 
Thermal Performance      
Air Temperature 22.27 89 0.00 
Relative Humidity 15.40 89 0.00 
Mean Radiant Temperature 9.41 89 0.00 
Air Velocity 8.22 89 0.00 
Visual Performance     
Illuminance level 24.33 89 0.00 
Daylight factor 7.33 89 0.00 
Daylight Glare Index 14.51 89 0.00 
Colour Rendering Index 5.97 89 0.00 
View to outside 8.52 89 0.00 
Acoustic Performance     
Background noise level 14.98 89 0.00 
Speech privacy 18.55 89 0.00 
Speech intelligibility 13.33 89 0.00 
Sound insulation quality 20.86 89 0.00 
Problem of echo 11.70 89 0.00 
Perceivable vibration 9.72 89 0.00 
Indoor Air Quality     
Ventilation rate 17.13 89 0.00 
Amount of air pollutants 25.95 89 0.00 
Air exchange effectiveness 23.58 89 0.00 
Odour in office 30.13 89 0.00 
Air temperature 26.97 89 0.00 
Relative humidity 18.09 89 0.00 
Compartmentalization of pollution 
sources 17.82 89 0.00 
Spatial Performance     
Design Efficiency 17.42 89 0.00 
Way-finding performance 14.05 89 0.00 
Occupancy density 17.47 89 0.00 
Proximity performance 15.46 89 0.00 
Vertical integration 8.97 89 0.00 
Provision for disabled 10.60 89 0.00 
Building Integrity     
Structural stability 29.02 89 0.00 
Building Envelope integrity 24.42 89 0.00 
Interior system integrity 16.04 89 0.00 
Water-tightness of windows & external 
wall joint 27.06 89 0.00 
Building maintainability 21.72 89 0.00 




Fire integrity 36.79 89 0.00 
Escape time 30.88 89 0.00 
Emergency evacuation plan 25.03 89 0.00 
Utility provisions & protections during 
emergency 21.75 89 0.00 
Design for control of ingress & egress 20.53 89 0.00 
Security measures after normal operating 




Features Test Value = 50 
 t Df 
Sig. Level  
(1-tailed) 
Thermal Performance    
Zonal Control 16.02 89 0.00 
VAV with individual control 12.59 89 0.00 
Sensor control (body heat +movement) 2.90 89 0.00 
Visual Performance   
 
Task lighting with individual control 8.66 89 0.00 
Zonal control 10.61 89 0.00 
Occupancy sensor 3.70 89 0.00 
Time Switches 4.31 89 0.00 
Integrated day-lighting control 9.19 89 0.00 
Day-lighting systems 5.36 89 0.00 
Sun-shading features on façade 14.14 89 0.00 
Sky-rise greening 8.73 89 0.00 
Glazing technologies 10.76 89 0.00 
Automated window blinds for glare control 4.48 89 0.00 
Acoustic Performance   
 
Sound masking system 5.40 89 0.00 
Quality of PA system 6.48 89 0.00 
Piped-in music system 0.02 89 0.49 
Indoor Air Quality   
 
Operable windows 3.48 89 0.00 
CO2 sensors to control fresh air intake 10.74 89 0.00 
Air flushing system 10.02 89 0.00 
Personalized ventilation system 4.42 89 0.00 
Displacement ventilation system 3.31 89 0.00 
Biohazard control using UV rays 3.12 89 0.00 
High performance filtration system 7.94 89 0.00 
Designated & compartmented smoking area 8.50 89 0.00 
Centralized waste & vacuum cleaning 
system 4.81 89 0.00 
Spatial Performance   
 
Flexibility in workplace transfiguration 11.83 89 0.00 
Availability of social meeting area 13.53 89 0.00 




Raised floor system 3.79 89 0.00 
Building Integrity   
 
Leakage detection system 6.79 89 0.00 
Robotic inspection system -0.97 89 0.17 
Safety and Security   
 
In-building repeater system 11.02 89 0.00 
Personal safety / evacuation kits 8.04 89 0.00 
Air-quality detection system for bio-
chemical protection 8.17 89 0.00 
Alarm activation system 17.82 89 0.00 















































Appendix D: Descriptions of Basic Attributes 
























Table D1: List of all the basic attributes and features of the seven performance 
mandates with brief descriptions provided  
 
Mandates Basic Attributes/Features Description 
Air temperature A measure of the degree of hotness or coldness of the air 
Relative Humidity Amount of water vapour in the air 
Mean radiant temperature Area weighted mean temperature of all the objects 
surrounding the body 
Air velocity Speed at which air passes a specified point measured in 
metres/second 
 Zonal Control designing and controlling the HVAC system such that 
different zones can be maintained at different 
temperatures 
 VAV system with 
individual control 
Allowing individuals to vary and control supplied to the 
space 
Thermal 
 Sensor control based on 
body heat and movement 
switching devices that respond to the presence and 
absence of people in the sensor's field of view based on 
body heat and movement 
Illuminance level     the luminous flux incident on a unit area 
Daylight glare index An objective evaluation for discomfort glare of daylight 
origin 
View to outside A view of the external environment from within the 
building 
Daylight factor             The ratio of interior illuminance at a given point on a 
given plane (usually the workplane) to the exterior 
illuminance (reference) under the same overcast sky 
conditions, eg. the CIE overcast sky distribution.  
Colour Rendering Index               
 
A method for describing the effect of a light source on 
the color appearance of objects, compared to a reference 
source of the same color temperature 
Zonal control Designing and controlling the lighting system such that 
different zones can be maintained at different lighting 
levels 
Sunshading features on 
façade 
External shading fixtures attached to the façade to 
minimize unwanted glare entering a building 
Glazing Technologies-
Low-E or double glazed 
windows 
Advanced window glass technologies, which allows light 
to enter while also providing thermal insulation 
Task lighting with 
individual control 




Introduction of greenery to the building façade so as to 
improve the outlook aesthetically or to act as shade 
against glare 
Integrated daylighting 
control   
 
Provision of control to electric lighting system in 
response to the natural light from all envelope sources 
Daylighting systems Systems that allow natural light to penetrate deeper into 
the spaces within a building 
Automated window blinds 
for glare control 
An automated venetian or vertical blind to control 
amount of glare 
Visual 
Time switches Allow users to set timer options that automatically 




Occupancy sensor Switching devices that detect the presence of occupants  
and switch off lights when space is unoccupied 
 
 Sound insulation quality The usage of materials in buildings to reduce the 
transmission of sound between parts of the building, or 
between interior and exterior 
 Speech privacy The degree to which speech is unintelligible between 
offices. 
Speech Intelligibility the quality of language that is comprehensible (usually 
measured in the presence of noise or distortion) 
Background           
    noise level 
 
The noise level in a space, which is a composite of sound 
from HVAC, equipment, activity noises, etc., from both 
near and far, but excluding specific sources of interest 
such as a person talking in an adjacent space (which 
would be considered the signal) 
Problem of echo The persistence of a sound after its source has stopped 
Perceivable vibration Human’s response to building vibration which can be 
caused by wind at the top of the building or by road 
traffic and blasting operations at the lower level 
 Quality of Public Address 
(PA) system 
an electronic amplification system used as a 
communication system in public areas 
Acoustics 
 Sound masking system Acoustical treatment that masks office noise and provides 
improved speech privacy, increased acoustic comfort 
 Odour in the office          The scent of a building perceived by the sense of smell 
 Air exchange 
effectiveness 
Extent of short circuiting, mixing, or displacement air 
flow in an entire building 
 
Amount of pollutants 
     in the air 
 
Chemical, physical and biological contaminants in the air 
that can influence human health and the perceived 
acceptability of indoor air 
Compartmentalization of 
pollution sources 
To separate pollutants in distinct parts, categories or 
compartments 
Ventilation rate                     Rate of outside air supply into the building usually 
normalized over floor area or number of occupants  
 CO2 sensors to control 
fresh air intake 
Device that receives and responds to a signal or stimulus 
that indicates the level of carbon dioxide 
 
 Air Flushing system System that runs early in the morning to replace foul air 
in the workspaces with fresh air before the start-up of 
A/C system. 
 
 High performance 
filtration system 
Provide filtration capable of 60% or above dust spot 
efficiency installed to intercept all make up and return air. 
If outside air contains high dust level, use higher 
efficiency air filters (80-85% ASHRAE standard 
efficiency with 30% efficiency pre-filters) 
 Designated and 
compartmented smoking 
area 
An area specially allocated for smoking purposes 
Centralized waste and 
vacuum cleaning system 
Multi-station cleaning system which allows operators to 
remove contaminants from localized areas and provides 
for centralized waste collection and disposal 
IAQ 
 Personalised ventilation 
system 
Also known as task air-conditioning systems, provide air 




 Displacement ventilation 
system 
System that uses the natural buoyancy of warm air to 
provide improved ventilation and comfort. Supply air is 
introduced to the space at or near the floor level, at a low 
velocity, at a temperature only slightly below the desired 
room temperature. 
Bio-hazard control using 
UV rays 
Containment of infectious materials using ultraviolet rays 
 Operable windows Windows that can be opened and closed as desired by the 
occupant to provide better control of office space 
conditions 
 
 Design efficiency     Ratio of total useable space to total gross floor area in a 
building 
 
 Occupancy density         Ratio of total workspace to the total number of occupants 
(area occupied per person) 
 
 Way-finding   
performance 
Ease of finding way to amenities and other areas within 
the building 
 
 Proximity performance Accessibility to the shared facilities 
 
 Vertical Integration Efficiency and effectiveness of circulation within the 
buildings – lifts, escalators, stairs and corridors 
 Provision for disabled Adequacy and convenience of the building design in 
meeting the needs of the handicapped 
Flexibility in changing 
transfiguration of 
workplace 
Workspace layout that is adaptable to the needs of the 
occupants 
Availability of social 
meeting area 
Provision of open space that is conducive for mingling 
and social activities 
 Shared Facilities Shared tenant facilities such as conference room access, 
carpark, 24-hour secured access etc 
Spatial 
 Raised floor system Sub floor area that creates an environment for equipment 
and services 
Water-tightness of 
windows and external wall 
joint 
Effectiveness in preventing levels of degradation ranging 




Ability to withstand deterioration and degradation due to 
chemical attack, weather condition and radiation etc 
Structural stability Ability to withstand compression, tension and shear 
Building maintainability 
 
Ease of maintenance and the associated cost 
Interior system integrity Preservation and maintenance of the state and condition 
of the interior system 
 
Building Integrity 
 Leakage detection system Leak control in buildings with electronic devices 
 Fire integrity Preservation of building to ensure safety of occupants in 
the event of fire Safety & Security 
 Escape time taken by 
occupants 
Time taken to travel the maximum distance from any 
point on an upper storey to any exit door from the storey, 
considering the walking speed and time delay after the 





 Emergency evacuation 
plan 
Provision of means of escape and main pedestrian routes 
from fire 
 
Design for control of 
ingress and egress 
Minimization of the number of entry and exit points in 
the building to prevent unauthorized access without 
inconvenience to occupants 
 Security measures after 
normal operating hours 
Provision of security backup to ensure safety of the 
occupants after normal office hours 
 
Utility provisions and 
protections during 
emergency 
Prior arrangement made for utility and services in times 
of urgent need 
 
 Alarm activation system An electrical, electronic, or mechanical device that serves 
to warn of danger by means of a sound or signal 
 In-building repeater 
system for fire protection 
measures 
A base station set up to extend the range of mobile 
communication by “repeating” everything it hears on its 
receiver frequency over its transmit frequency. For an in-
building wireless system, a repeater generally consists of 
an external, high-gain antenna combined with a bi-
directional signal amplifier. 
Air-quality detection 
system for bio-chemical 
protection 
System that enables rapid detection and screening of 
chemical and biological agents in the air 
 Intruder sensors 
 
System that can analyze the source of a disturbance and 
reduce nuisance alarms. 
Personal safety/evacuation 
kits for building occupants 
The personal safety kit includes items such as smoke 
hoods, flashlights or light sticks, and purified water 
which improves the ability to safely exit a smoke-filled 
environment by giving individuals an enhanced ability to 

































Appendix E: Additional Information on 






















In order to reduce the likelihood of successful attacks on the building, measures must be 
taken to reduce the risks or act as deterrence to the possibility of attacks. The building 
exterior is the first real defence against the effects of bombs and thus the way the façade 
responds will significantly affect the behavior of the structure and the safety of the 
occupants. The ability of the curtain wall to withstand the effects of explosive loading 
depends on how the various elements of the system perform. Connections of the 
attachments to the floor slabs or spandrel beams must be adjustable to compensate for 
fabrication tolerances, accommodate differential interstory drifts and thermal 
deformations and yet capable of transferring gravity, wind and blast loads (CETS, 1998). 
In addition, explosive tests have determine that the inherent flexibility of curtain wall 
systems allow their glazings to survive higher blast pressure than rigidly supported 
windows. Extensive explosive testing have also demonstrated that cable-protected 
window system is effective in making full use of the flexibility and capacity of all the 
window materials and dissipating large amount of blast energy without hurling debris 
into the protected space (CETS, 1988).Emphasis must also be placed on the glazing 
systems so as to mitigate danger to the occupants resulting from the hazardous debris of 
the shattered glass in the event of explosions. Laminated glass is a good option because it 
exhibits excellent post-damage behavior, is available for most applications and at the 
same time provides a high degree of safety to the occupants. Another possibility is to 
apply fragment-retention film on existing glazings. Although the strength of the glass is 
not significantly improved (as failure will still occur), they can hold the shards of glass 
together to better protect occupants from hazardous debris (CETS, 1988). 
 
Escape Time 
The behavior of the occupants in light of other environmental factors that come into play 
in times of actual emergencies must be taken into consideration to determine the 
appropriate evacuation time. The evacuation time will be dependent on the horizontal 
locomotion of the occupants as well as the vertical movement down the building via 
stairs which is exceptionally crucial in a high rise building. Many researchers had based 
their work on the assumption that occupant speed is dependent upon the population 
density and in turn, the population flow will be affected by the population density and the 
speed at which the population is traveling. Maclennan and Nelson (1996) had come up 
with an equation to identify the expected rate of movement for a population across the 
terrain during an evacuation. Based on the estimated population density identified, the 
management can then have a better idea of whether overcrowding might occur in certain 
egress routes and can then consider the possibility of directing the people to different 
escape routes. It is essential to review and modify building signage requirements as 
needed in order to facilitate effective evacuation of all permanent and temporary building 
occupants, including handicapped and other special need users. The adequacy of escape 
routes with appropriate travel distances for safe evacuation is also essential. In addition, 
the legibility of the egress route is also an important performance factor in assuring the 
safety of occupants in the building and the travel distance has been found to be applicable 
to assess this factor (Notake et.al, 2001). A study (Notakeke.et.al, 2001) has found that 
the number of exits or safety zones in a floor affects the average expected travel distance 




total length of the routes. Furthermore, the study also concluded that it is better to 
distribute the exits on the floor as compared to centralized layout of the exits to minimize 
the average expected travel distance. These factors inevitably have an influence on the 
escape time of the occupants in a building. 
 
Emergency evacuation plan 
A plan that is well disseminated and practiced would facilitate as a valuable tool for 
preparing the occupants to respond to any emergency situation whether anticipated or 
not. In order to ensure adequate planning for all applicable hazards, the content of the 
plan must be responsive to the result of the building’s anticipated threats. Appropriate fire 
safety management program and occupant emergency program must be worked out for 
each building. The emergency operation plan should address several issues in four basic 
areas: Direction and Control, Communication, Alerts and Warnings as well as Evacuation 
and Closure. The number of fire drills carried out every year (Chow et. al, 2002) is also 
an indicator of the emergency preparedness of the building. While evacuation drills for 
fire and bomb threats are inconvenient for high rise buildings, they are critical to life 
safety and should be performed at least once and preferably twice per year (Witherspoon 
security consulting).  Regular drills should be carried out especially to train occupants to 
avoid congestion during emergencies as many tragedies had occurred in such conditions 
due to stampede, crushing and trampling (Kupta and Yadav, 2004).  
 
Utility provisions during emergency 
It is extremely difficult to adjust building systems at the time of an actual threat alarm 
thus the following criteria are recommended for consideration in the evaluation of the 
performance of this attribute (The National Academy of Science, 2000). First and 
foremost, provision of back up services for electrical power, communications and water 
to ensure continued operations of critical functions in times of emergencies is very 
important. This can come in the form of an emergency generator to provide an alternate 
source of power should utility power becomes unavailable to critical life safety systems 
such as alarm systems, smoke control equipment, and emergency communication systems 
etc. The location of emergency power-distribution feeders in hardened enclosures and 
configured in redundant routing paths can also aid in enhancing the reliability of the 
generator systems (FEMA, 1999). It can also come in the form of integral battery packs 
to be used for the emergency lighting fixtures and exits signs along egress routes to 
provide lighting instantly in the event of utility power outrage as the power source is 
located directly at the load. Connections to the outside water supply as well as 
mechanical and electrical sources of supply should be located in a secure area of the 
building and not be made accessible to unauthorized personnel. To prevent sabotage, all 
building service equipment should also be located in a secure area of the building.  
 
Odour 
Odours can influence cognitive processes that affect creative task performance as well as 
moods. The intensity of odours is measured in olfactie units. Low levels are 10-14 
olfacties for rubber rising to 400 olfacties for very odourous substances (Clements-




indoor air quality of a space. The following odour indications were given by Health 
Canada in Indoor Air Quality in Office Buildings: A Technical Guide: 
 
Odour indications 
Description Problem Complaints 
Auto exhaust, , diesel 
fumes 
Carbon monoxide Headaches, nausea, 
dizziness, tiredness 




Musty smell  Microbial material, wet 
surfaces 
Allergy symptoms 
Chemical smell  Formaldehyde and other 
chemicals 
Eye, nose and throat 
irritation 
Solvent smell VOCs Odour, allergy symptoms 





Amount of air pollutants 
 
Carbon dioxide (CO2) 
CO2 concentration is 300 parts per million (ppm) outdoors but the indoor concentration 
of CO2 is directly affected by the number of people per unit space and the rate of outdoor 
air exchange.  
 
Carbon Monoxide (CO) 
 
Carbon Monoxide is particularly dangerous because it is colourless, odourless and 
tasteless. Even at toxic levels, its presence might not be detected by those exposed. One 
of the principal source of CO found in offices comes from engine exhaust. Local 
guidelines specified that the concentration of CO in office premises not to exceed 9ppm. 
On the other hand, government regulations in Canada and the United States generally 
limit CO levels in offices to 10-15 ppm although it is uncommon to find concentration 
levels above 2ppm unless there is a combustion source (Aronoff, 1995).  
 
Formaldehyde 
Formaldehyde is a colourless gas that is toxic and can be lethal at high concentrations. It 
has a pungent odour and can usually be sense at concentrations of 1ppm or lower.  A 
variety of acute and persistent illness symptoms have been associated with even low level 
exposure to formaldehyde in indoor air (Aronoff,1995). It has been found that low 
concentrations (0.1-5ppm) can cause skin rash as well as irritation of the eyes and upper 
respiratory tract (Gajendran, 1998 
 
Total Volatile Organic Compounds 
VOCs are a class of chemicals that contain carbon, hrdrogen and oxygen and that exist in 




of VOCs exist in low concentrations (Aronoff, 1995). As it is impractical to identify and  
quantify every one of the hundreds of VOCs that could be present in normal indoor air, 
the TVOC (total VOC measurement) can serve as an indicator of the total mass 
concentration of VOCs present in the indoor air sample.  
 
Air exchange effectiveness 
The assessment of air exchange effectiveness( AEE) is important because it provides 
information about the ability of the air distribution system to deliver ventilation air to the 
building, zone or space. Non uniformities in air distribution can lead to localized IAQ 
problems due to stagnation of air in the occupied spaces. There are three AEE parameters 
involved, namely AEEG  , AEEOL and AEElocal.. AEEG is representative of the entire 
building whereas AEEOL is more relevant in the context of human health as it is based on 
the average measured age of air at the occupant level However it is important to have 
multi-point measurements to obtain a representative average value. The local AEE relates 
the nominal time constant, a building parameter, to the age at a single indoor location and 
consequently, the range of AEElocal is useful for assessing the spatial variability of 
ventilation (Sekhar et.al, 2002).  
 
Compartmentalization of pollutants 
Acceptable performance would depend on how well the pollution sources are 
compartmented away from the main occupied areas in the office. Outdoor contaminants 
can be prevented from entering the building by ensuring that doors, windows and air 
intakes are located away from contaminant sources. Air intake should be as high on the 
building as possible. Coupled with this, offices can be sealed from contaminant sources 
out side the building with a tight building envelope. For example, doors connected to 
outside sources should seal well when shut and not remain open for extended periods of 
time. In addition, spaces should be isolated from building contaminants with well sealing 
doors and windows and with direct exhaust systems and dedicated ventilation systems in 
the contaminated areas. Take for instance, office areas should be isolated from the pantry 
and office machinery (printers, photocopiers, fax machines). Direct exhaust systems and 
dedicated ventilation systems should be in place to deal with higher contaminant load in 
specific areas with a particular air distribution system, exhaust system, ventilation rate 
and filters to prevent contaminants from re-circulating within the building (National 
Research Council Canada, 2003). 
 
Ventilation Rate 
Ventilation rate is the amount of fresh air supplied into the building for the occupants.. 
Ventilation rate is specified as the amount of outdoor air in l/s per person for different 
types of spaces but in some situations, it might be specified as l/s per m2. The basic 
requirement based on studies on a person’s perception of body odour is 7.5 l/s per person 
(Cain et. al, 1983; Fanger and Berg-Munch, 1983).  
 
Structural stability 
For a large building especially, the domino effect of the progressive collapse can be made 
less likely to occur by the energy absorption capacity of the structure. In general terms, 




more ductile the elements and connections, the larger the event needed to initiate the 
progressive collapse (Brown, 2003). In addition, transfer girders have been identified as 
critical sections and their loss may result in progressive collapse. If transfer girder has to 
be used and if it is vulnerable to an explosive loading, it is desirable that it be continuous 
over several supports. Furthermore, there should be substantial structure framing into the 
transfer girder to create a two-way redundancy and an alternate load path in the event of a 
failure (BICE, 2003) It may be assumed, until proven by condition survey, that distressed 
areas in structures as exhibited by cracking, settlement, broken windows, jammed doors 
and openings would be susceptible to structural damage from a hostile attack (Building 
Research Board, 1988). In addition, items such as tying door and window frame to walls 
and tying facades to main structural carrying members increase the capacity of the system 
and thus increase its resistance to attack. 
 
 
Water-tightness of window and external wall joints 
If a window leaks water, interior finishes or exterior wall materials can be damaged. Any 
water penetration through window systems is unacceptable (Kelly et. al, 1996). The 
condensation performance of the windows must also be considered concurrently with 
water-tightness performance. Condensation can form on window glazing and frames 
when warm air with an amount of moisture in the vapor state meets a colder surface 
causing the water vapor to liquefy on the cooler surface (Kelly et. al, 1996). 
Condensation affects the thermal performance of a window by lowering its thermal 
capacity and can also result in water damage to interior surfaces and materials. A 
simplified method to determine the condensation resistance of existing windows is the 
daily measurement of indoor and outdoor surface temperatures, and indoor humidity 
levels during periods when condensation occurs (Kelly et. al, 1996). The data can then be 
plotted on a standard psychometric chart to identify boundary conditions at which 
condensation is observed. This can then serve as a guide in assessing the condensation 
performance of the window. 
 
Building envelope integrity 
The integrity of the building envelope is dependent on the integrity of the windows and 
the wall/façade system as they constitute an integrated part of the envelope system. The 
structural performance of the envelope system can be of critical concern for the safety of 
building occupants as well as the general public especially when the building is high rise. 
Adequate connections should be provided from the building envelope to the structural 
frame so that load can be transferred from the façade members to the structural frame. 
This can then avoid the collapse of façade members between structural frame members 
which would further strengthen the building’s resistance to progressive collapse. The 
insulation performance of the building envelope is also another concern and this is 
usually assessed using the R-value which represent the theoretical maximum insulating 
value a material can provide (Aronoff, 2003). Coupled with this, better workmanship will 








Maintainability can be defined as "the ability to maintain in the least amount of time at 
the lowest cost" (Rydzewski, 2000) or expressed as “achieving the optimum performance 
throughout the building life span within a minimum life cycle cost” (Chew et. al, 2003). 
Building maintenance is important to ensure that the building is preserved in a condition 
in which it continues to fulfill its function and maintain its economic life as opposed to 
obsolescence. Without proper day to day maintenance, a building can deteriorate and 
suffer from dwindling performance. Proper maintenance inclusive of both preventive and 
predictive maintenance is one of the cornerstones of a high performance building and 
must not be neglected. 
 
Design efficiency 
In the consideration of a building’s suitability for business, the building floor shape is 
always considered. The dimensions and overall floor shape (preferably rectilinear) as 
well as the location of the core and its geometry impact on the effective internal usable 
space (Muir, 2003). The effective floor depth, i.e. the distance from windows to the lift 
core should be a multiple of the workstation dimension plus the required circulation 
spaces.The usable floor space is the area left after deducting the building core and service 
areas such as washrooms, corridors, atria and service closets (e.g. for telephone and 
electrical cables) (Aronoff, 1995). In addition, the space within a room contains unusable 
areas like those taken up by fittings, equipments or structural elements. Besides this, the 
location of the lift core is important consideration as well as it could affect the 
workstation layout and access to service risers and toilets. 
 
Occupancy Density 
Space requirements within the workplace itself are dependent on the type of staff 
engaged in the organization. Three categories of staff may be identified and they are 
namely the professional core, contractual fringe and the flexible labour force (Leaman, 
1993). The professional core is critical to the organization as it consists of personnel 
providing the knowledge base to the organization. The contractual fringe refers to the 
short term professional labour force which is reconfigured from project to project. On the 
other hand, the flexible labour force refers to part time and temporary workers hired and 
fired to suit market forces.  
 
Way-finding performance 
Successful way-finding involves knowing where you are, knowing your destination, 
knowing and following the best route to your destination, being able to recognize your 
destination upon arrival and reversing the paths to find your way back out (Carpman & 
Grant, 1993). Post-occupancy evaluation type studies conducted by several applied 
researchers revealed that way-finding had arisen as an unexpected problem within 
buildings (Brown, Wright & Brown, 1997). It is desirable for the building to cater to the 
needs of different user groups, namely the office workers, disabled people and also 
visitors to the building as these different user groups have differing knowledge of the 
environment setting. However it is not always possible to satisfy the needs of every user, 
thus assessment of way-finding performance may have to be made based on the 




studies suggest that the complexity of floor plan configuration is a primary influence on 
way-finding performance (O’Neill, 1991) and Best (1970) found a positive relationship 
between the number of choice points(such as hallway intersections in buildings) within a 
floor plan and way-finding difficulty.  The regularity of the floor plan can improve way-
finding performance despite its relatively higher topological complexity. Levine (1974) 
suggested that symmetrical forms are deemed less complex and easier for people to 
understand and use because they contain redundant information (O’Neill, 1991). In the 
way-finding process, signage also plays a crucial role in dissemination of information of 
the environment setting to the users of the building (Passini, 1984). A study conducted by 
O’Neill (1991) evaluated the use and types of signage on the influence on way-finding 
performance. The results of the study suggest that when time is not a constraint, textual 
signage is generally the most effective means of reducing way-finding errors although the 
rate of travel is decreased. Graphic symbols are less effective but better than no signage 
at all. In order to enhance rate of travel, graphic symbols might be used as “reassurance” 
signage between major signage locations. In addition, consistency in the design and 
placement of signage provide a great help to users for finding their way around in the 
building. Best (1970) found that signage placed at decision points in buildings improved 
way-finding performance. Maps are also helpful in providing way-finding support. It is 
important that the map indicate the point of view (“you are here”) in a space understood 
by the users (Passini, 1984) Maps in this respect must be simple and emphasize both 
horizontal and vertical circulation routes.  
 
Proximity Performance 
Proximity or the distance among work site affects communication patterns and may 
support or interfere with the goals of any organizational structure (Allen, 1997). Thus 
good adjacency relationships can contribute to productivity and employee morale. Jobs 
that require integrated work with others will benefit from being located close to other 
team members, supervisors or equipment. This contributes to a social atmosphere and 




Vertical integration in the building refers to the integration of the various elements of 
circulation within the building with respect to the lifts, escalators, stairs and corridors. 
Effective and efficient integration is necessary for satisfactory spatial performance. The 
overall planning of the lift systems is especially important as most office buildings are 
high rise and hence utilize the elevator system predominantly. Judicious placement of 
elevators can minimize corridor length, direct distracting circulation away from work 
areas and optimize occupants’ vertical travel between floors. It would be advantageous if 
the lifts serving the same route are grouped together to reduce waiting time for the 
building occupants. Furthermore, the location of the lift core also plays a role in ensuring 
good spatial performance as inappropriateness in the location could cause problems with 







Provision for the disabled 
Special requirements might be provided for disabled users in the building. As the lift is 
the principal means of vertical circulation for many of the disabled, it is recommended 
that lifts providing for the disabled should have a door closing speed of no greater than 
0.4m/s in public buildings (Tregenza, 1976). Doors that close rapidly or which start to 
move after a brief period can cause distress. It would be preferable if lift doors are 
installed with photo-electric or safety edges but where closing is not delayed by an 
interrupted light beam, the delay before closing should be 7s (Trengenza, 1976) To cater 
people with impaired hearing, visual indicators of the imminent arrival of lifts as well as 
its direction of travel should be fixed at landings as well. 
 
Illuminance level 
Illuminance level is a very important attribute as it is usually one of the most major 
concern of occupants that lighting must be sufficient everywhere in the office. In 
addition, illuminance has the practical advantage of easy to design for and to measure.  A 
field study conducted by van Ierland using real lighting installations in real offices with 
all their defects showed that there is a reasonable level of satisfaction at 500 lux which 
increases slightly as illuminance moves up to 1000 Lux. Sundstrom (1986) has also 
demonstrated that added illumination produces improvements in performance which 
become smaller with each increment in light. Generally, if the illuminance is inadequate, 
task visibility will be affected. However it is important to note that excessive illumination 
may cause discomfort and reduce the performance of the worker (Odemis, 1997) 
 
Daylight glare index  
The Daylight glare index (DGI) serves to give an objective evaluation of discomfort glare 
resulting from daylight and is a prerequisite for user comfort in modern buildings with 
innovative daylighting systems (Nazzal, 1998).  This DGI is derived from the Cornell 
Formula which remains the only substantive equation to use for estimating the discomfort 
glare for daylight. The DGI so derived can be related to the CIBSE Glare Index for 
artificial lighting (the unified Glare index of the CIE is designed to use the same 
numerical scale). The limiting DGI for an office might be set at 22 although sometimes as 
low as 16 is quoted (Wilson). 
 
Daylight Factor 
The average daylight factor is the ratio of internal to external illuminance and is a good 
indicator of room appearance, correlating well with subjective descriptions of rooms.. An 
average daylight factor of 5% or more is found in rooms with a high proportion of 
glazing. Such rooms look brightly daylit but when the average daylight factor is much 
higher than 5%, the rooms have the nature of a greenhouse rather than that of an enclosed 
internal space (Tregenza and Loe, 2000). At the other extreme, in an interior with an 
average daylight factor lower than about 2%, any general electric lighting will tend to 
dominate over daylight hence daylight variation on interior surfaces will be masked. 
 
Colour Rendering Index 
The ability to see colours properly in the workplace is dependent on the colour rendition 




properties of a light source, the general colour rendering index Ra is used (CIBSE, 2002). 
The colour rendering index (CRI) is a relative scale indicating how perceived colors 
match actual colors. This index measures the degree that perceived colors of objects, 
illuminated by a given light source, conform to the colors of those same objects when 
they are lighted by a reference standard light source (EPA, 1995). As light sources vary 
in their ability to accurately reflect the true colors of people and objects, the CRI is used 
to compare the effect of a light source on the color appearance of its surroundings. 
Surface colors appear brighter, improving the aesthetics of the space under sources with 




Speech privacy in the workplace is important as it affects employees’ privacy needs and 
organizational effectiveness. Inadequate speech privacy might create dissatisfaction 
among employees because they do not to be overheard in their conversations. Clients, 
personnel and product confidentiality might be difficult to maintain if other occupants 
can hear information unintended for them. The Speech Privacy Predictor (SPP) based on 
research by Cavanaugh, Farrell, Hirtle and Watters (Cavanaugh, 1962) is used to assess 
the performance of speech privacy in the office. The SPP method calculates the sound 
excess to predict the level of speech privacy acceptability of an office space and 
Cavanaugh has demonstrated a good statistical fit between ratings of sound excess and 
levels of reported satisfaction (Salter et.al , 2003)) The calculation procedure involves 
subtracting isolation factors from source factors, in order to produce a single number 
rating called sound excess for the receive space. Speech privacy satisfaction can then be 
plotted as a function of the single number sound excess rating.  
             
 
Sound Insulation Quality 
Sound insulation quality is assessed by the Sound Transmission Class (STC) which is a 
measure of sound transmission loss and indicates how loud the transmitted sound would 
seem to a listener. The higher the STC, the less sound will travel through into the 
neighbouring workstation. An STC of 15 would give a good safety margin however for 
screens higher than 6ft, an STC of at least 20 is required (Hegvold, 1971). Most office 
partitions have STC values of between 15 and 25. In comparison, full height walls have 
STC values between 30 and 50 (National Research Council Canada). The table below 
shows the subjective interpretations of effects of STC as measured although the actual 
perceived effect of STC will depend on the background noise levels, room volumes, 
surface areas, sound absorption values and also the spectral content of the sound source  
 
Subjective interpretation of effects of STC as measured (assume normal/quiet 
background level-NC35) 
 
Field STC Subjective description of effectiveness 
20-22 Most sentences clearly understood 
25-27 Many phrases and some sentences understood 
without straining to hear 




clearly heard and understood 
35-37 Medium loud speech clearly audible, 
occasional words understood 
40-42 Loud speech audible, music easily heard 
45-47 Loud speech audible by straining to hear; 
music can be heard and may be disturbing 
50-52 Loud speech essentially inaudible; music heard 
faintly but bass notes can be disturbing 
55 Music heard faintly, bass notes “thump” 
60 Music still heard very faintly if played loudly 






Speech intelligibility refers to the degree to which speech can be clearly understood and 
that words and sentences can be correctly identified. It is usually expressed as a 
percentage of words, sentences or phonemes (speech sounds making up words) correctly 
identified by a listener or group of listeners when spoken by a talker or a number of 
talkers. Un-amplified and unaided speech is important in offices and there are many 
factors influencing the intelligibility but the background noise is usually the most 
important factor to consider. The most widely used physical measure is the Speech 
Interference Level or SIL. Likewise, the Articulation Index (AI) can also be used in face 
to face conversations but is more complicated than SIL. Although this measure is 
probably more reliable, the extra reliability does not warrant the extra complication 
(Lower, 2000). A more recent measure is the Speech Transmission Index (STI), usually 
implemented in a simplified version known as 'RASTI' - Rapid Speech Transmission 
Index (Lower, 2000). This RASTI method takes both the effects of background noise as 
well as that of reverberation on intelligibility into account.  
 
Background Noise Level 
Background noise level appropriate for a specific office will depend on the activities 
The confidential nature of discussions may demand that there be no annoying sounds at 
all and the speech not to be overheard outside the room hence a sound level of 35 dBA 
will be appropriate for closed offices (Aronoff, 1995). On the other hand, in team work 
areas, designed to encourage verbal communication, higher levels of background noise 
can be tolerated. Thus in open plan area, a background noise level of about 45dBA is 
considered acceptable.  Although the background noise should be kept at a low level, it is 
also undesirable if the office space becomes too quiet and the insertion of additional noise 
called sound masking might then be required. 
 
Problem of echo 
Echo is caused by sound bouncing off repeatedly off ceilings, walls, floors and whatever 
else there is that does not absorb it. When sound bounces off, it not only gets louder but it 
also becomes distorted. The problem of echo that exists in the workplace which would 




the space called reverberation time (RT). Reverberation time is the amount of time it 





The study of human response to building vibration can be divided into two areas: one 
concerned with the effects of low frequency vibration which would occur at the top of 
the building and the other concerned with the vibration transmitted to the building 
from road traffic, blasting operations etc (Parsons, 1985). The BS 6572 (1984) 15 
provides general guidance on human exposure to building vibration in the frequency 
range 1.0 to80.0 Hz. Frequency weighting functions which show relative absolute 
perception threshold vibration levels over vibration frequency are presented and these 
are used to integrate the effects of impulsive vibration intermittent vibration and 
continuous vibration on occupants of the building. The vibration are measured at 
inputs to the occupants of the building. Limiting values are provided in terms of 
building type and time. The limits are provided in terms of multiplying factors above 
the perception threshold levels (base curve). If the limiting levels of vibration in the 
building are not exceeded, then the prediction is that with respect to human response, 


































































Table F1: Proposed TBP Assessment Framework for evaluation of attributes and features in the seven performance mandates 
 
1) Safety and Security 
(a) (b) ( c ) (d) (e) (f) (g) (h) (i) 



















(SA x W) 
Weighted points 
deduction 
(P x W) 
1.Fire Integrity 
Compliance to local Fire 
Code 
  
Resistance of exterior 
building surfaces against 
deliberate fire and bombs for 
fire and blast protection 
  
Resistance of windows 
against blast to limit damage 
from shattering of glass e.g.:- 
a)Usage of laminated glass 
which exhibits excellent post-
damage behavior and provide 
high degree of safety for 
occupants 




Availability of security 
zoning to prevent spillover of 
fire, blast or other effects of 
hostile activities 
5 credits 15 credits 0 credit 
      
0.17 
    
  
            
  
    
2.Escape Time 
Compliance to local Fire 
Code 
  
Adequacy of building signage 
5 credits 15 credits 0 credit 
      
0.17 




to facilitate effective 
evacuation of all permanent 
and temporary building 
occupants including 
handicapped and other special 
need users 
  
Adequacy of escape routes 
with appropriate travel 
distance for safe evacuation 
  
Legibility of the egress route:- 
a) Number of exits or safety 
zones in a floor as it affect 
average expected travel 
distance 
b) Distribution of the exits on 
the floor 
  
            
  
    
3.Emergency Evacuation 
plan 
Does the plan have provisions 
for:- 
1)Direction and Control 
a)Person responsible for 
development of the plan and 
routinely reviewing the plan 
for appropriateness and 
adequacy 
b)People in charge for each 
type of emergency situation 
and determining the need to 
evacuate 
c)Delineation of leadership 
authority and responsibility of 
each key position during 
emergencies 
d)Coordination with the local 
fire bureau or police station 
 
5 credits 15 credits 0 credit 
      
0.17 





e)Assurance of continuing 
emergency preparedness 




a)Descriptions of the methods 
of communication between 
the management and 
occupants 
b) Back up communication 
sources such as cellular 
phones 
c) Producing and updating 
exit route diagrams from the 
building 
d) Emergency communication 
with local fire bureau or 
police station 
  
3) Alerts and Warnings 
a) Defining the 
responsibilities of personnel 
and describing activation 
procedures 
b) Routine checks to ensure 
that warning system is 
functional 
c) Ensuring that the occupants 
recognize and are able to 
distinguish the alarms and 
warnings for emergencies 
  
4) Evacuation 
a) Indication of the conditions 
under which evacuation must 
be carried out 




from work areas 
  
Number of fire drills per year 
( should be performed at least 
once and preferably twice per 
year) 
  
Adequacy of fire drills to train 
occupants to avoid congestion 
during emergencies 
  
            
  
    
4.-Security measures after 
office hours 
  
Assignment of security force 
personnel 
  
Card entry access to building 
  
Closed circuit television 
monitors 
  
Elevator control techniques:- 
a)Key switches 
b)Programmable card key 
readers 
5 credits 15 credits 0 credit 
      
0.16 
    
  
            
  
    
5.Utility provisions during 
emergency 
Provision of back-up services 
for electric power, 
communications and water to 
ensure continued operation of 
critical functions during 
emergency e.g.:- 
a) Emergency generator to 
provide alternate source of 
power 
5 credits 15 credits 0 credit 
      
0.16 




b) Emergency lighting 
fixtures and exit signs to be 
provided with integral battery 
packs 
c) Redundant or wireless 
fireman's communication in 
building 
d) Cellular back-up to back up 
the phone lines so that calls 
can still be made even when 
the lines are cut 
  
Location of connection to 
outside water supply as well 
as mechanical and electrical 
supply at secure area of the 
building and not accessible to 
unauthorized personnel 
  
Location of all building 
service equipment at secure 
area of the building 
  
            
  
    
6.Design for ingress and 
egress control 
Degree of perimeter control 
and integrity of perimeter 
defence 
  
Number of entry and exit 
points and the extent of 
control over these access 
points 
  
Employee and visitor controls 
such as positive ID systems 
and visitor access 
procedures/clearance 
  
5 credits 15 credits 0 credit 
      
0.16 




Adequacy of protection for 
openings other than the 
designated access points 
against potential forced entry 




building to separate functions 
that generate heavy traffic 
  
Positive pressurization inside 
the building to eliminate 
infiltration of contaminated 
air 
  
System of emergency egress 
and safe subsequent re-entry 
for building occupants to 
ensure prompt evacuation and 




            
  
    
                Σ= Σ= 
Overall Weighted Basic 















2) Safety and Security 






(SF x W) 
.Alarm activation system 
    
0.23  
In-building repeater system 
    
0.20  
Intruder sensors 
    
0.19  
Air-quality detection system for bio-chemical 
protection     0.19 
 
Personal safety / evacuation kits 
    0.19  
      
 
Σ= 




         
(a) (b) ( c ) (d) (e) (f) (g) (h) (i) (j) 
























(SA x W) 
Weighted 
points 
deduction (P x 
W) 
Percentage Predicted 
Dissatisfied (PPD) 20% 0%  NA 100%       1     
                
    
  
  
              
  
    
                
  
Σ= Σ= 
Overall Weighted Basic 












2) Thermal Performance 






(SF x W) 
Zonal Control 
  
  0.37   
VAV with individual control 
  
  0.36   
Sensor control(body heat/movement)  
  
  0.27   
        Σ= 
Overall Weighted Feature Score =       
 
 
3)Indoor Air Quality 
          
(a) (b) ( c ) (d) (e) (f) (g) (h) (i) (j) 




























 (P x W) 
1.Odour in office % dissatisfied 
=30 
% dissatisfied 
= 0 NA 
% 
dissatisfied 
= 100       
0.21 
    
  
              
  
    
2.Amt of air pollutants                   
a) Carbon dioxide 1000 ppm 460 ppm           
    
b) Carbon monoxide 9 ppm 0 ppm NA         
    
c) Formaldehyde 0.1 ppm 0 ppm NA         
    
d) TVOCs 3 ppm 0 ppm NA         
    
e) Total yeast and mould(fungi) 500 CFU/m3  0 CFU/m3  NA         
    
f) Total bacteria count 500 CFU/m3  0 CFU/m3  NA         
    
g)Suspended particulate matter 150 µg/m3 0 µg/m3 NA         
0.21 
    
                
  Ave= Ave= 
  
              
  
    
3.Air exchange effectiveness 1 2           0.20     
  
 
              
  
    
4.Compartmentalization of 
5 credits 15 credits NA 0 credits 








Prevention of outdoor 
contaminants from entering the 
building 
  
Air intakes should be as high on 
building as possible and away from 
pollution sources 
  
Isolation of office areas from 
contaminant source such as food 
preparation areas and office 
machinery/appliances 
  
Direct exhaust systems and 
dedicated ventilation systems in 
place to deal tih high contaminant 
load in specific areas 
  
              
  
    
5.Ventilation rate 3.6 l/(s person)  20l/(s person)           0.19     
  
              
  
    
                  Σ= Σ= 
Overall Weighted Basic 
Attribute Score =                 Col.(i) - Col. (j) 
 




Note: If no points deduction in Category A, the continue assessment of Category B 
 
 
3) Indoor Air Quality 
Category B-Features Presence Score (SF) Weights (W) 
Weighted 
score  
(SF x W) 
Designated compartmented smoking area 










Air flushing system 
    
0.12 
  
High performance filtration system 
    
0.12 
  
Personalized ventilation system 
    
0.11 
  
Centralized waste vacuum cleaning 
system 
    
0.10 
  
Biohazard Control using UV rays 
    
0.10 
  
Displacement ventilation system 




    
0.10 
  
        Σ= 
Overall Weighted Feature Score =       
 
 
4) Building Integrity 
         
(a) (b) ( c ) (d) (e) (f) (g) (h) (i) 



















(SA x W) 
Weighted points 
deduction  
(P x W) 
1.Structural stability 
Compliance to local code 
  
Ability of the building to resist progressive 
collapse:- 
Tying of floor and roof systems to all wall 
systems at their boundaries 
Creation of redundancy by connecting non-
load carrying members to load carrying 
members 
  
Number of occurences of distressed areas 
in the structure i.e. the lower the better 
5 credits 15 credits 0 credit 
      
0.21 
    
  
            
  
    
2.Watertightness of windows and 
exernal wall joints 
All windows on building envelope shall not 
exceed leakage rates specified in SS212-
Specifications for Aluminium Alloy 
windows 
5 credits 15 credits 0 credit 
      
0.20 





Resistance to water penetration 
  
Condensation performance of windows 
  
            
  
    
3.Building envelope integrity 
Adequacy of connections provided from 
the building envelope to structural frame  
so that load is transferred from façade 
members structural frame 
  
Insulation performance of the building 
envelope indicated by the R value 
5 credits 15 credits 0 credit 
      
0.20 
    
  
            
  
    
4.Building maintainability 
Access must cater for maintenance 
  
 Such access must be safe 
  
Dismantling must be straightforward 
  
It must be easy to fit the new parts 
  
Reassembly must be straightforward 
  
Ease of cleaning 
5 credits 15 credits 0 credit 
      
0.20 




             
  
    
5.Interior system integrity 
Integrity of the anchorage of non-structural 
building components e.g. piping, lighting 
units and conduits etc. to prevent failure of 
services so that they do not become falling 
debris 
5 credits 15 credits 0 credit 
      
0.19 







            
  
    
  
              Σ= Σ= 






Note: If no points deduction in Category A, the continue assessment of Category B 
 
4) Building Integrity 
Category B-Features Presence Score (SF) Weights (W) 
Weighted 
score 
 (SF x W) 
1.Leakage detection system 
  
  1.00 
  
      
 
Σ= 




5) Spatial Performance 
         
(a) (b) ( c ) (d) (e) (f) (g) (h) (i) 



















(SA x W) 
Weighted points 
deduction 
 (P x W) 
1.Design efficiency 
Design efficiency ratio- the 
higher the better 
  
Location of lift core to facilitate 
workstation layout and access to 
service risers and toilets 
  
  
5 credits 15 credits 0 credit 
      
0.18 






            
  
    
2.Occupancy density 
Spatial density (should not be 
<4m2) 
  
Social density (the lower the 
better) 
  
 Adequacy of space requirements 
for the types of staff engaged in 
the organization 
5 credits 15 credits 0 credit 
      
0.17 
    
  
            
  
    
3.Wayfinding performance 
1. Ability of building to cater to 









a) Complexity and symmetry of 
floor plan layout 
b) Number of choice points 
within a floor plan 
  
3)Visual access to familiar cues 
or landmarks within or exterior to 
a building 
a) Visual accessibility of signs 
pertaining to way-finding from 
relevant circulation route 
b) Ability of users to read the 
signs from a distance, normally 
from decision point 
5 credits 15 credits 0 credit 
      
0.17 





4)Degree of architectural 
differentiation between different 
areas of a building that can aid 
recall and orientation 
  
5)Use of signs and room numbers 
to provide identification or 
directional information:- 
a) Sufficiency and effectiveness 
of signages 
b)Location of the signage 
(improve way-finding if placed at 
decision points) 
c) Types of signage used:-no 
signage, texual or graphic 
  
            
  
    
4.Proximity performance 
1. Personnel area 
a) Location of work groups 
performing related tasks near 
each other to facilitate informal 
communication 
b) Locate supervisors so that they 
have oversight of 
activites/individuals they are 
responsible for in order to 
facilitate operational efficiency 
  
2.Support areas 
a) Centralize office support 
functions where possible so that 
they are easily accessible to staff 
b)  Location of support functions 
that are noisy away from main 
work area but yet easily 
accessible 
3. Meeting areas 
a) Cluster meeting areas near 
5 credits 15 credits 0 credit 
      
0.17 




entrance to limit public and 
visitor access to office areas and 
contain noise 
b) Locate conference tooms so 
they are convenient to work units 
that use them most frequently 
4. Entry areas 
a) Public entry and waiting area 
should be convenient to common 
building facilities such as 
restrooms which visitors may 
need access to during their visit 
b) Entry areas must be designed 
in such a way to allow for 
effective control and orientation 
of visitor traffic 
c) Reception/waiting areas 
should be directly adjacent to 
public entry areas so that the 
receptionist is readily accessible 
to visitors to provide information 
and directions 
  
            
  
    
5.Vertical integration 
  
1.Grouping of lifts serving the 
same route together to reduce 
waiting time at landings. 
  
2.Appropriateness of the location 
of lift core 5 credits 15 credits 0 credit       
0.16 
    
  
            
  
    
6.Provision for disabled 
Compliance to local Code on 
Barrier-Free Accessibility in 
Buildings 1995 
  
Special requirements for lifts:- 
Closing speed of lifts provided 
5 credits 15 credits 0 credit 
      
0.16 




for disabled to be no greater than 
0.4m/s 
Preferably installed with 
photoelectric or safety edges 
If closing not delayed by 
interrupted light beam,delay 
before closing should be 7s 
  
            
  
    
  
              Σ= Σ= 
Overall Weighted Basic 












5) Spatial Performance 
Category B-Features Presence Score (SF) Weight (W) 
Weighted 
score (SF x 
W) 
Flexibility in workplace transfiguration 
    
0.27   
Availability of social meeting area 
    
0.27   
Shared facilities 
    
0.24   





        Σ= 
Overall Weighted Feature Score         
 
 
6) Visual Performance 
          




























(SA x W) 
Weighted points 
deduction 
(P x W) 
1. Illuminance level 
                  
a)Task area 350 Lux 800 Lux  1200 Lux         
  
  
b) Circulation area 100 Lux 250 Lux           
0.23 
    
  
              
  Ave= Ave= 
  
              
  
    




              
  
    




              
  
    




              
  
    




              
  
    
  
                Σ= Σ= 
Overall Weighted Basic 
Attribute Score =                 Col (i) - Col (j) 
 




Note: If no points deduction in Category A, the continue assessment of Category B 
 
6) Visual Performance 
Category B-Features Presence Score (SF) Weights (W) 
Weighted 
score (SF x 
W) 
Sun-shading feature on façade     0.11   
Zonal Control     0.10   
Task Lighting with Individual Control     0.11   
Glazing Technologies-Low E, Double glazed 
glass     0.11   




Integrated Day-lighting Control     0.10   
Day-lighting systems     0.09   
Automated window-blinds for glare control     0.09   
Time switches     0.09   
Occupancy sensor     0.09   
        Σ= 




7) Acoustic Performance 
         


























 (SA x W) 
Weighted points 
deduction  
(P x W) 
1. Speech privacy Sound excess= 
+7 
Sound excess 




=+20       
0.17 
    
  
              
  
    
2. Sound insulation 
quality                   
a) Open plan office STC=30 STC=65           
  
  





              
  Ave= Ave= 
  
              
  
    
3.Speech intelligibility               € € 
a) Open plan office  RASTI =0.45  RASTI = 1  NA 
 EU 
RASTI= 0         
  





              
  Ave= Ave= 
  
              
  
    
4.Problem of echo                   
a) Open plan office RT =1.5s RT = 0.75s           
  
  








              
  Ave= Ave= 
  
              
  
    
5.Background noise 
level                   
a) Open plan office 55dBA 45dBA           
  
  





              
  Ave= Ave= 
  
              
  
    
6.Perceivable vibration 45dBA 30dBA           0.15     
  
              
  
    
  
                Σ= Σ= 
Overall Weighted Basic 
Attribute Score                   Col (i) - Col (j) 
 




Note: If no points deduction in Category A, the continue assessment of Category B 
 
7) Acoustic Performance 
Category B-Features Presence Score (SF) Weights (W) 
Weighted 
score (SF x 
W) 
Quality of PA system     0.49   
Sound masking system     0.51   
        Σ= 





































   17.6  17.6 
Thermal 
Performance 
   15.7  15.7 
Indoor Air 
Quality 
   15.7  15.7 
Building 
Integrity 
   15.0  15.0 
Spatial 
Performance 
   12.1  12.1 
Acoustic 
Performance 
   12.0  12.0 
Visual 
Performance 
   11.9  11.9 
TBP INDEX Σ = 100 
 
 
Table F3: List of attributes that have failed to meet the stipulated requirements 
within the acceptable limits 
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